Sustainable agriculture and the perceptions of high school agriculture teachers in the North Central Region of the United States by Muma, Mathew Ajuoga
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2006
Sustainable agriculture and the perceptions of high
school agriculture teachers in the North Central
Region of the United States
Mathew Ajuoga Muma
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Education Commons, and the Other Education Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Muma, Mathew Ajuoga, "Sustainable agriculture and the perceptions of high school agriculture teachers in the North Central Region
of the United States " (2006). Retrospective Theses and Dissertations. 1549.
https://lib.dr.iastate.edu/rtd/1549
Sustainable agriculture and the perceptions of high school agriculture teachers in the North 
Central Region of the United States 
by 
Mathew Ajuoga Muma 
A dissertation submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
Major: Agricultural Education 
Program of Study Committee: 
Robert A. Martin, Major Professor 
Michael D. Duffy 
William W. Miller 
Gregory S. Miller 
Mack C. Shelley 
Iowa State University 
Ames, Iowa 
2006 
UMI Number: 3229110 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform 3229110 
Copyright 2006 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
ii 
Graduate College 
Iowa State University 
This is to certify that the doctoral dissertation of 
Mathew Ajuoga Muma 
has met the dissertation requirements of Iowa State University 
Major Professor 
For the Major Program 
Signature was redacted for privacy.
Signature was redacted for privacy.
Ill 
DEDICATION 
To 
my wife 
Elizabeth 
for her understanding 
of what I have forgone 
to undertake this study 
as well my belief in her 
and our love, 
and my children 
Betty, Rodgers, and Molly 
for their patience during my absence 
from the family 
when they needed me most 
in their lives, 
and my family and parents, 
the Canon Rev. Arch Deacon Wilson Muma, and Grace 
for their role in raising me with Christian values 
which contributed to my perseverance 
to complete this work. 
iv 
TABLE OF CONTENTS 
LIST OF FIGURES vii 
LIST OF TABLES viii 
ABSTRACT xi 
CHAPTER 1. INTRODUCTION 1 
Role of Education 1 
Problem Statement 4 
Purpose and Objectives of the Study 4 
Need for the Study 6 
Implications and Educational Significance 7 
Definition of Terms 7 
CHAPTER 2. LITERATURE REVIEW 9 
Sustainable Agriculture Paradigm 9 
Sustainability Paradigm and Farmers' Practices 11 
Curriculum and Agricultural Education Research 13 
Teaching and Learning about Sustainable Agriculture 18 
Gaps in knowledge on Sustainability and Agricultural Education 23 
Conceptual Framework 25 
Sustainable Agriculture Curriculum 25 
Social Reconstruction Theory 26 
Research Questions 28 
CHAPTER 3. METHODOLOGY 30 
Purpose of the Study 30 
Design of the Study 33 
Population and Sample 39 
Methods of Data Collection 40 
Analysis and Organization of Data 41 
Limitations of the Study 43 
Assumptions of the Study 45 
CHAPTER 4. FINDINGS 47 
Demographic Data 48 
Beliefs about Sustainable Agriculture 54 
Perceptions of Agricultural Practices 60 
Extent to which Sustainable Agriculture Concepts are Taught 65 
Extent of Use of Different Methods for Teaching Agriculture 71 
Relationship between Beliefs and Perceptions about Sustainable Agriculture 75 
V 
Relationship between Beliefs about Sustainable Agriculture and the Extent to 
which selected Sustainable Agriculture topics are Taught 78 
Relationship between Beliefs about Sustainable Agriculture and the Extent 
of Use of Different Tcaching Methods 80 
Proportion of Variance Explained by Beliefs about Sustainable Agriculture 82 
CHAPTER 5. DISCUSSION OF FINDINGS 86 
Demographic Data 86 
Beliefs about Sustainable Agriculture 88 
Perceptions of Agricultural Practices 92 
Extent to which Sustainable Agriculture Concepts are Taught 94 
Extent of Use of Different Methods for Teaching about Sustainable Agriculture 97 
Relationship between Beliefs and Perceptions about Sustainable Agriculture 98 
Relationship between Beliefs about Sustainable Agriculture and Extent of 
Teaching Sustainable Agriculture 99 
Relationship between Beliefs about Sustainable Agriculture and the Extent 
Different Methods are Used 100 
Proportion of Variance Explained by Beliefs about Sustainable Agriculture 100 
CHAPTER 6. SUMMARY, CONCLUSIONS, RECOMMENDATIONS, AND 
IMPLICATIONS 102 
Summary 102 
Purpose 102 
Procedures 102 
Major Findings 103 
Conclusions 105 
Recommendations 106 
Implications and Significance to Education 106 
APPENDIX A. HUMAN SUBJECTS APPROVAL 109 
APPENDIX B. COVER LETTER 110 
APPENDIX C. SURVEY INSTRUMENT 111 
APPENDIX D. FOLLOW UP LETTER 114 
APPENDIX E. ADDITIONAL TABLES 115 
REFERENCES CITED 
ACKNOWLEDGMENTS 
vu 
LIST OF FIGURES 
Figure 1. Distribution of respondents by gender 
Figure 2. Level of education of respondents 
viii 
LIST OF TABLES 
Table 1. Population, samples, adjusted samples, and response rates by state 44 
Table 2. Comparison of early and late respondents on research variables and 
demographics 44 
Table 3. Categories, frequencies, and percentages for demographic variables 49 
Table 4. Frequencies, means, and standard deviations for demographics 50 
Table 5. Frequencies and percentages for teacher undergraduate majors 53 
Table 6. Frequencies, means, and standard deviations for individual items on beliefs 
about sustainable agriculture 55 
Table 7. Relative frequencies of individual items on beliefs about sustainable 
agriculture of agriculture teachers 59 
Table 8. Frequencies, means, and standard deviations for individual items on 
perceptions of teachers regarding sustainable agriculture practices 61 
Table 9. Relative frequencies of teachers' responses for individual items regarding 
perceptions of sustainable agricultural practices 64 
Table 10. Frequencies, means, and standard deviations for individual items regarding 
the extent to which teachers taught selected sustainable agriculture 
agriculture topics 66 
Table 11. Relative frequencies for individual items regarding the extent that teachers 
taught selected sustainable agriculture topics 69 
Table 12. Frequencies, means, and standard deviations for the extent to which 
different methods are used in teaching agriculture 72 
Table 13. Relative frequencies for individual items regarding different teaching methods 74 
Table 14. Relationships between teachers' beliefs about sustainable agriculture, and 
perceptions of sustainable agriculture practices and the independent variables 76 
Table 15. Relationship between teachers' beliefs about sustainable agriculture and 
perceptions of the extent to which teachers taught selected sustainable 
agriculture topics 79 
ix 
Table 16. 
Table 17. 
Table 18. 
Table 19. 
Table 20. 
Table 21. 
Table 22. 
Table 23. 
Table 24. 
Table 25. 
Table 26. 
Table 27. 
Relationship between teachers' beliefs about sustainable agriculture and the 
extent to which teachers used different teaching methods 81 
Linear regression of the extent teachers teach sustainable agriculture 
topics on the independent variables 83 
Linear regression of the extent teachers teach sustainable agriculture 
topics on the independent variables 84 
ANOVA summary of sums of squares of beliefs, perceptions, extent 
of teaching, and teaching methods between and within groups of teachers 
with different levels of education 115 
ANOVA summary of sums of squares of beliefs, perceptions, extent 
of teaching, and teaching methods between and within groups of teachers 
who lived full-time on farm for different lengths of time 115 
ANOVA summary of sums of squares of beliefs, perceptions, extent 
of teaching, and teaching methods between and within groups of teachers 
who lived part-time on farm for different lengths of time 116 
ANOVA summary of sums of squares of beliefs, perceptions, extent 
of teaching, and teaching methods between and within groups of teachers 
who worked full-time on farm for different lengths of time 116 
ANOVA Summary of sums of squares of beliefs, perceptions, extent of 
teaching, and teaching methods between and within groups of teachers who 
worked part-time on farm for different durations 117 
ANOVA Summary of sums of squares of beliefs, perceptions, extent of 
teaching, and teaching methods between and within groups of teachers 
who taught agriculture for different lengths of time 117 
ANOVA Summary of sums of squares of beliefs, perceptions, extent of 
teaching, and teaching methods between and within undergraduate majors 
ofteachers 118 
ANOVA Summary of sums of squares of beliefs, perceptions, extent of 
teaching, and teaching methods between and within groups teachers from 
the 12 NCR states 118 
Comparison of means of male and female teachers on beliefs, perceptions, 
extent of teaching, and teaching methods 119 
X 
Table 28. 
Table 29. 
Table 30. 
Table 31. 
Table 32. 
Table 33. 
Table 34. 
Table 35. 
Comparison of means of extent of teaching and teaching methods for 
agriculture teachers who lived full-time on farm for different lengths of time 119 
Comparison of means of extent of teaching and teaching methods for 
agriculture teachers who lived part-time on farm for different lengths of 
time 120 
Comparison of means of extent of teaching and teaching methods for 
agriculture teachers who worked full-time on farm for different lengths of 
time 120 
Comparison of means of extent of teaching and teaching methods for 
agriculture teachers who worked part-time on farm for different lengths of 
time 120 
Comparison of means of agriculture teachers with different teaching 
experiences of agriculture on the extent of teaching sustainable agriculture 121 
Comparison of agriculture teachers from different undergraduate majors 
on means of the extent teachers teach selected sustainable agriculture topics 121 
Comparison of agriculture teachers from different states on means of the 
extent teachers teach selected sustainable agriculture topics 121 
Paired f-test comparison between scores on perceptions regarding 19 pairs 
of sustainable agriculture practices and sustainable agriculture topics 122 
The debate about the socio-economic and environmental challenges associated with 
conventional agricultural systems in the U.S.A. in the 1980s vis-a-vis sustainable agriculture 
(SA) has included the definition of SA, the role of education in addressing the challenges and 
what should be taught about SA in high school and beyond. Proponents of SA claim 
education about SA can facilitate solutions to the current problems in agriculture, stimulate 
rural economic development and enrich scientific teaching of SA (Feldman, 1999; Sanstone, 
2003/2004). The purpose of this study was to identify the beliefs of high school agriculture 
teachers about SA, and determine if any relationship about beliefs and the extent teachers 
teach SA exists. A random sample of 844 teachers in the North Central Region (U.S.A.) was 
sent questionnaires with 5-point Likert-type scales. Cronbach's coefficients for the 
instrument ranged from .74-.95. Teachers agreed to concepts about SA and taught selected 
topics in SA to a moderate extent. There was a positive but negligible association between 
teachers' beliefs about SA and the extent to which teachers taught selected topics in SA. 
Beliefs about SA uniquely explained no variance in the extent teachers taught selected SA 
topics controlling for the demographic variables. Teacher perceptions about SA practices 
influence minimally but significantly the extent teachers teach selected topics in SA. Selected 
topics that teachers rated highest (p< 0.5) regarding the extent to which these topics were 
taught included: soil testing, crop rotation, food safety, water quality, and use of animal 
manure. Teachers taught to a relatively high extent topics related to ecological and social 
dimensions of SA as compared to topics with economic dimensions. Topics that teachers 
taught and rated lowest in the extent to which these topics were taught included: row banding 
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of herbicides, narrow strip intercropping, and use of nitrification inhibitor. Results of this 
study indicated that agriculture teachers in the North Central Region do not include much 
about SA in their curriculum. Further investigations into the barriers regarding infusion of 
SA into the curriculums would help explain what is required to enhance instruction in this 
subject matter area. 
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CHAPTER 1. INTRODUCTION 
Role of Education 
The shortcomings of the traditional high school agricultural curriculum may include 
too much focus on the farm as the only business model (Borsari, 2001 ; Borsari & Vidrine, 
2005) and the teaching of agriculture as solely a vocational subject (Conroy, 2000; Hillison, 
1996). This has been the case since the mandate for high school agriculture education was 
initiated. Hillison (1996, p. 12) has provided evidence indicating that a balance in the 
teaching of high school agriculture can be achieved through basic instruction by the 
application of scientific and research principles. This requires education to prepare high 
school students and teachers in agriscience. 
The National Research Council study in 1988 resulted in a mission for agricultural 
education titled, "Reinventing Agricultural Education for the Year 2020" by the National 
Council for Agricultural Education. It was recommended that agricultural education needed 
to address all the components of agriculture including production, processing, natural 
resources and consumption (p. 2). Both policy documents pointed out the need for 
agricultural education to prepare high school students for .. successful careers and a 
lifetime of informed choices in the global agriculture, food, fiber and natural resources ..." 
(p. 2). The National Council for Science and Environment (2003) has also advanced the 
importance of the role of formal and non-formal education in helping to meet solutions to the 
"... challenges of environmental, social and economic sustainability ..." (p. 5). Other studies 
also indicated that inclusion of sustainable agriculture into the agricultural education 
curriculum can facilitate solutions to the current problems in agriculture, stimulate rural 
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economic development, enrich scientific teaching of agriculture, and strengthen work skills 
for high school graduates (Williams & Dolliso, 1998). 
Beyond the local scene, a global movement has advanced for "sustainability 
education" in the 1990s onwards (Culen & Volk, 2000; UN, 2002, 2005). This call has come 
because of the impact of agriculture on the environment following the human population 
explosion and the demand for food. The education approach seeks to embody in citizens life­
long learning, integration of academic, social, emotional, and civic competencies for a secure 
and peaceful world (Santone, 2003/2004). The ultimate goal of sustainability education is 
responsible citizen behavior towards the environment and non-renewable resources. 
Research in the agricultural education curriculum has provided a rationale for the 
infusion of the agricultural education curriculum with selected sustainable agriculture topics. 
Infusion of agricultural education with sustainable agriculture: facilitates students to acquire 
holistic and integrative management and decision making skills (Williams & Dolliso, 1998), 
helps students to conceptualize different components of the agricultural systems (Santone, 
2003/2004) and can provide a relevant foundation for learning agricultural education. In 
addition, infusion of the agricultural education curriculum with sustainable agriculture topics 
improves agricultural education with broad based science principles and their application 
according to Lee and Thomas (1995). 
Integration and application of science principles across various agricultural and 
natural resource sciences has contributed to student interests (Conroy & Walker, 2000; 
Thompson, 2001), achievement (Chiasson & Burnett, 2001; Conroy & Walker; Lee & 
Thomas, 1995; Shelley-Tolbert, Conroy, & Dailey, 2000; Thompson) and enrollment 
(Shelley-Tolbert et al.) in agricultural education. Societal goals for agricultural education 
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such as agricultural literacy, workforce skills, and communication skills for participation in 
public policy could be attained from integration of sustainable agriculture into the high 
school agriculture curriculum (Williams & Dolliso, 1998). 
The policy initiation of research, extension, and education programs in sustainable 
agriculture (Conner & Kolodinsky, 1997; O'Sullivan, 2000) has created a major opportunity 
for new careers outside the traditional agricultural production system such as food 
processing, food retail and services, environmental science and related technology. This 
development provides a rationale for integration into the high school agriculture curriculum 
new teaching materials and instructional innovations (Williams & Dolliso, 1998). 
A number of studies in the North Central Region and the rest of the U.S.A. have 
indicated that agricultural educators and high school agriculture teachers have positive, 
neutral, or in some rare cases negative perceptions regarding the teaching and learning about 
sustainable agriculture (Conner & Kolodinsky, 1997; Straquadine, 1997; Udoto & Flowers, 
2001; Williams, 2000; Williams &Wise, 1997). The above findings and those of Agbaje, 
Martin & Williams, 2001) suggest that the beliefs of agriculture teachers may influence their 
perceptions of specific sustainable agriculture practices and the topics they include in 
teaching sustainable agriculture curriculum. The studies identified above have suggested that 
an appropriate sustainable agriculture curriculum capable of addressing the current and future 
developments in the agriculture industry requires an understanding of the relationship 
between sustainable agriculture philosophies of agriculture teachers and the sustainable 
agriculture topics the teachers include in the agriculture curriculum. 
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Problem Statement 
The research problem focuses on the lack of knowledge about what high school 
agriculture teachers believe to be important about sustainable agriculture and what they teach 
about it in the agriculture curriculum in the North Central Region (NCR). Understanding 
what the teachers believe to be important about sustainable agriculture and what selected 
topics the teachers teach about sustainable agriculture can assist in establishing whether: 
teachers with different perceptions about sustainable agriculture can benefit differently from 
sustainable agriculture training programs (Conner & Kolodinsky, 1997), inclusion of 
sustainable agriculture in the agriculture curriculum can align agricultural education with the 
current developments in the agriculture sector, and the professional development needs of 
teachers with different beliefs about sustainable agriculture can depend on their beliefs 
(Agbaje et al., 2001). The extent to which the agriculture curriculum incorporates individual 
and societal problems and needs, and multi-disciplinary knowledge, can also be suggested by 
the relationship between teachers' beliefs about sustainable agriculture and the extent the 
teachers teach sustainable agriculture (Tanner & Tanner, 1995; Williams, 2000). 
Purpose and Objectives of the Study 
The purpose of the study was twofold: 
1. To determine the philosophies/general beliefs of high school agriculture teachers in 
the NCR regarding sustainable agriculture. 
2. To determine the relationship between sustainable agriculture philosophies/general 
beliefs of high school agriculture teachers in the NCR and the teaching of sustainable 
agriculture topics in the agriculture curriculum. 
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The study documents the extent to which high school agriculture teachers identify 
with sustainable agriculture practices and their social, economic and ecological dimensions. 
The specific objectives of the study were to: 
1. Identify the NCR high school agriculture teachers' philosophies/beliefs regarding 
sustainable agriculture. 
2. Identify the NCR high school agriculture teachers' perceptions of selected sustainable 
agriculture practices. 
3. Identify the extent to which selected sustainable agriculture topics are included in the 
agriculture curriculum by high school agriculture teachers. 
4. Identify the extent high school agriculture teachers use different teaching methods for 
teaching sustainable agriculture in high school agriculture curriculum. 
5. Analyze the relationship between high school agriculture teachers' 
philosophies/beliefs regarding sustainable agriculture and high school agriculture 
teachers' perceptions of selected sustainable agriculture practices. 
6. Analyze the relationship between high school agriculture teachers' 
philosophies/beliefs regarding sustainable agriculture and the extent selected 
sustainable agriculture topics are included for teaching by high school agriculture 
teachers. 
7. Analyze the relationship between high school agriculture teachers' 
philosophies/beliefs regarding sustainable agriculture and the extent teachers use 
different methods for teaching selected sustainable agriculture topics. 
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8. Determine the proportion of variance in the extent sustainable agriculture topics are 
taught that can be explained by the high school agriculture teachers' beliefs about 
sustainable agriculture. 
Need for the Study 
This study is needed to enhance understanding regarding the role of selected 
sustainable agriculture topics in the high school agriculture curriculum. A recent study 
indicated that agriculture teachers in the North Central Region (NCR) have neutral beliefs 
about sustainable agriculture (Agbaje et al., 2001). The teachers also have positive 
perceptions of some sustainable agriculture practices and a neutral perception of some other 
sustainable agriculture practices. Moreover, agriculture teachers' positive perceptions and the 
perceptions of farmers in Iowa about some of the sustainable agriculture practices are 
comparable. However, there is no knowledge underpinning the nature of the relationship 
between agriculture teachers' perceptions about sustainable agriculture practices and their 
beliefs and values about sustainable agriculture. It is not known to what extent agriculture 
teachers' philosophies about sustainable agriculture would align with the three imperatives of 
sustainable agriculture of social value, economic viability, and ecological impact. 
Therefore, it is important to understand the philosophies high school agriculture 
teachers hold about sustainable agriculture. Agriculture teachers' sustainable agriculture 
philosophies have been suggested by some as an area of study to provide a possible 
understanding of the relationship between agriculture teachers' perceptions regarding 
sustainable agriculture practices and the sustainable agriculture topics agriculture teachers 
include in teaching agricultural education (Agbaje et al., 2001; Udoto & Flowers, 2001). 
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Implications and Educational Significance 
The implications to be drawn from the study might be the potential development of 
appropriate curriculum or instructional materials. An appropriate agricultural education 
curriculum can benefit from findings of this study. 
Definition of Terms 
The main sources of the definitions of terms for this study included Beus and Dunlap 
(1990, 1991), Gliessman (1998), Hillison (1996), National Research Council (1989), and 
Sanstone, 2003/2004. The core definitions with which this study was conducted are: agro-
ecosystems, agricultural education curriculum, agriscience, agricultural practices, agricultural 
topics, and agriculture teacher. Other terms are: paradigm, perception, sustainable 
agriculture, sustainable agriculture practices, system, and sustainable agriculture philosophy. 
Agro-ecosystems : Systems of human-managed biotic resources, abiotic resources and socio­
economic systems that interact and are integrated into a whole system. 
Agricultural education curriculum: A plan showing the goals, objectives, time, and teaching 
methods for students in learning a specified content of subject matter in agriculture and food 
and fiber. 
Agriscience: a comprehensive set of sciences that are normally used for learning, research 
and practice in agriculture. 
Agricultural practice: a system of farming operations performed repeatedly to achieve a 
predetermined outcome in agriculture. 
Agricultural topic. A subject or agricultural practice that can form a unit of instruction for a 
teaching session and allow learners to reach the intended learning objectives. 
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Agriculture teacher. A person trained in one of the agricultural production or science 
disciplines with a certification in education to teach agricultural science. 
Conventional agriculture: The type of farming system that depends heavily on capital-
intensive external inputs and institutions such as fossil fuels, agrochemicals, and credit 
institutions. 
Paradigm : A frame of reference individuals or society use to interpret the meaning of the 
external world. 
Perception: A personal view or judgment about a phenomenon, issue, activity, method, or 
practice. 
Sustainable agriculture'. A system of agriculture in which food and fiber is produced using 
agricultural technologies and methods to conserve natural resources while ensuring a social, 
economic, and ecological continuity or improvements. 
Sustainability education: A systems education process that infuses any curriculum and 
instruction with concepts linking social, economic, and ecological systems and facilitates 
students to make responsible decisions about the environment and non-renewable resources. 
Sustainable agricultural practices'. Farming practices that are socially desirable and 
environmentally and economically viable. 
System : The result of processes of interaction, integration, and coordination of individual 
component parts, with the sum of the whole greater than the sum of individual parts, and may 
or may not interact with other interacting sets or parts (systems). 
Sustainable agriculture philosophy. A set of personal and/or societal beliefs and values about 
principles and means that bring into being sustainable farming practices. 
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CHAPTER 2. LITERATURE REVIEW 
Sustainable Agriculture Paradigm 
Sustainable agriculture development has evolved in the U.S.A. since the 1980s (Beus 
& Dunlap, 1990,1991; Hassanein, 1999). Before sustainable agriculture advocates 
transformed it into a movement with goals and strategies for achieving its expected benefits, 
the dominant paradigm on agriculture was based on the larger societal beliefs in the growth 
and the role of science and technology in resolving all social issues. The sustainable 
agriculture movement has generated a paradigm shift from emphasis on economic 
performance in conventional agriculture, which was plagued by farm bankruptcies and 
environmental problems in the 1980s, to a system of practices and technologies that 
integrates social, economic and ecological systems in agriculture (Keeney, 1989; Mc Isaac, 
1996). A paradigm is a frame of reference individuals or society use to interpret meaning of 
the external world (Beus & Dunlap, 1990). The two paradigms of sustainable agriculture and 
conventional agriculture represent, respectively, two opposing worldviews or beliefs about 
agriculture. 
As defined by the American Society of Agronomy, sustainable agriculture is: 
"Agriculture that over the long term enhances environmental quality and the resource base on 
which agriculture depends, provides the basic food and fiber needs, is economically viable, 
enhances the quality of life for farmers and society as a whole" (Mc Isaac, 1996, p. 5). This 
definition is among other competing ones. The major interpretations of the meaning and 
practice of sustainable agriculture come from agriculturists (agronomists, plant breeders), 
ecologists, economists and sociologists and/or anthropologists. Although the above definition 
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of sustainable agriculture has been embraced to at least constitute the most important 
elements of it, the definition has been highly politicized and has acquired a range of 
meanings (Conway, 1997). 
Whether emphasis is given to the social, economic, or ecological components in 
achieving sustainability depends on the goal and means used to reach the goal (Chiappe & 
Flora, 1998; Conway, 1997). Both agronomists and economists equate sustainable 
agriculture, respectively, with food sufficiency and efficient valued output per unit resource 
at the expense of the environment. Geologists and/or environmentalists value maintenance of 
the natural resource base in food and fiber production. Sociologists emphasize promotion of 
desirable social values and equitability in food and fiber production. 
A conventional agriculture system conforms to the meanings of sustainability 
embraced by agronomists and economists with a short time function being emphasized by 
economists (Duffy, 2006, personal communication). For environmentalists/ecologists, 
sustainable agriculture is a way of providing food and fiber without degrading non-renewable 
resources. For sociologists and/or anthropologists, it embraces an agriculture that preserves 
social values and institutions. 
Apart from the environment, other critical factors determining the extent to which 
agriculture is sustainable are the degree of dependence on: internal local resources, labor, 
capital, technology, and role of gender. Sustainable agriculture therefore encompasses a 
range of agricultural systems such as: organic farming, ecological farming, indigenous 
technical knowledge, biodiversity, regenerative farming, and integrated pest management 
among others (Conway, 1997). A range of meanings of sustainable agriculture is therefore 
expected to occur according to the goal, location, means and time scale that fits the needs of 
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an individual regarding sustainable agriculture. The degree to which an agricultural system 
can be assessed as sustainable would depend on the three components that proponents and 
opponents of sustainable agriculture have agreed sustainable agriculture is comprised of. 
Sustainable agriculture is a goal (Benbrook, 1991) and therefore meaning to strive towards. It 
involves a way of trying to address the technical and socio-economic problems in agricultural 
systems both from a technical and normative way. Therefore, sustainable agriculture is both a 
philosophy and a system of agricultural practices (Macrae, 1993). 
Sustainability Paradigm and Farmers' Practices 
Duffy (1999) established that availability of technical and scientific knowledge, and 
some extension efforts are in place, yet adoption of sustainable agriculture by farmers in the 
North Central Region (NCR) is relatively low. Other studies have concurred with the above 
finding (Agunga, 1995; Alonge & Martin, 1995; Commer, Ekanem, Muhammad, Singh, & 
Tegegne, 1999; Conner & Kolodinsky, 1997; Gamon, Harrold, & Creswell, 1994; 
Koralalage, 2001; Salamon, Famsworth, Bullock, & Yusuf, 1997). 
A few studies have found that there has been a paradigm shift about sustainable 
agriculture that has led to adoption and maintenance of sustainable agriculture systems by 
farmers practicing sustainable agriculture to a higher degree than by those practicing 
conventional agriculture (Chiappe & Flora, 1998; Commer et al., 1999; Hassanein, 1999; 
Salamon et al., 1997). The findings of a study by Chiappe and Flora affirmed at least the 
existence of sustainable agriculture elements of centralization, independence, community, 
harmony with nature, diversity, restraint among farmers characterized to have practiced 
sustainable agriculture. Some of the studies have found sustainable agriculture and 
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conventional farmers' differences in socio-economic, attitude, and beliefs, characteristics, 
reflecting expectations of the differences between sustainable and conventional agriculture. 
Alonge and Martin (1995) found that most adult and young farmers in Iowa had very 
positive perceptions of some sustainable agriculture practices such as soil nitrogen testing, 
spring/summer nitrogen application, and use of green manure. Farmers also had positive 
perceptions about the compatibility and profitability of these sustainable practices. However, 
the majority of the farmers had expressed "neutral" perceptions about the majority of some of 
the selected sustainable practices (nitrification inhibitor, crop rotation, mechanical weeding, 
reduced rates of herbicides, banded herbicide application, reduced nitrogen, and reduced 
fertilizer rates). The study concluded that adoption of the selected sustainable agriculture 
practices is explained to a great extent by the farmers' perceptions of the characteristics of 
the practices. Earlier studies also had supported the idea that the successful adoption of 
conservation practices is influenced largely by farmers' attitudes and perceptions of the 
practices than by any other factors (Miranowski, 1982; Smathers, 1982). 
The above findings support, with regard to farmers, the theory that sustainable 
agriculture philosophy will determine an individual's perceptions and action towards 
sustainable agriculture (Beus & Dunlap, 1990; Chiappe & Flora, 1998; Commer et al., 1999). 
Studies or findings were not found during the literature search regarding the relationship 
between teachers' sustainable agriculture philosophies and teaching about sustainable 
agriculture topics in the agriculture curriculum. However, Gamon et al. (1994) found no 
statistical significant difference in the adoption of some sustainable cropping systems 
(cropping, tillage, pest management, and livestock) among Iowa farmers who had attended 
and those who had not attended two extension conferences on sustainable agriculture. 
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Farmers' positive perceptions about the long-term economic profitability of the sustainable 
practices were an important attributes of the practices. These attributes determined adoption 
of the practices by both groups of farmers. This finding supports farmers' positive 
perceptions regarding the economic component of beliefs about sustainable agriculture. 
Curriculum and Agricultural Education Research 
Aldo Leopold (1949) originated the sustainable agriculture paradigm (Beus & 
Dunlap, 1990). Leopold posited that education is an effective tool necessary for gaining 
understanding of the land and environment as a whole (Agbaje et al., 2001). Leopold (1949) 
"... contended that the educational policy as well as the content, quality and quantity of 
education are equally important..." (p. 39) to arrive at the sustainability goal. 
The National Research Council (NRC) (1988) made a recommendation for the 
upgrading of the high school agricultural curriculum in science. However, it was not until 
1996 that the National Council for Agricultural Education (NCAE) (1996) developed and 
nationally distributed instructional materials to assist in integrating sustainable agriculture 
into the high school agricultural education curriculum. This development notwithstanding, 
agricultural extension educators have rarely provided environmental education in major 
Cooperative Extension Service organizations (Koralalage, 2001; Smith-Sebasto, 1998). Some 
of the topics included in the new NCAE (1996) agriculture curriculum model were: soil 
conservation, land use, and water and air quality. Following these developments, state 
initiatives have led to steps being taken to integrate sustainable agriculture into the high 
school agriculture curriculum. 
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Examples of states that have made some steps to include sustainable topics in the 
agriculture curriculum are California, Georgia, Iowa, Michigan, New York, Wisconsin, and 
Vermont. Sustainability-based curriculums, curriculum guides, software, professional 
development programs, and "green" construction projects are some of the products and tools 
of sustainability curricula that support teaching and learning about sustainable agriculture. 
Vermont is the only state with explicit sustainable agriculture curriculum standards (Santone, 
2003/2004, p. 62). 
Social reconstruction theory has posited that school curriculum should be used to 
confront learners with adverse problems facing human kind. In this curriculum model, 
teachers can exploit the social problems and assist students to aim at solving them. 
Realization of students' interests lead to achievement of their goals. This model can provide 
students with the motivation to learn about real world problems (Dewey, 1938; McNeil, 
1996, 2006). Additionally, willing communities can use their resources to engage students in 
hands-on learning. 
Researchers have advanced that a systems (sustainability) education orientation will 
help students by infusing curriculum and instruction with concepts linking social, economic, 
and ecological systems (Santone, 2003/2004). This approach will help students understand 
the current and sustainable agriculture practices and the interactions of agricultural systems 
with the wider physical, biological, and social systems (Francis & King, 1994). A systems 
agriculture curriculum requires the design of learning environments and educational methods 
that emphasize active learning, inquiry-based learning, higher-order thinking, collaboration, 
diversity, decision-making, problem-solving, and interpersonal communication. Such 
curriculum will decrease the distance of the cosmopolitan U.S.A. population from 
agriculture. The population will acquire agricultural literacy and become aware of the 
problems and take interest in farming concerns (Cardwell, 1995; Feldman, 1999; Hubert, 
Frank, & Igo, 2000). 
Hedlund (1993) advanced that youth are an important component in the efforts aimed 
at achieving a healthy future. Youth have deep linkages with nature and their positive 
attitudes toward the environment can be influenced easily by educational interventions (Jaus, 
1984; Moore, 1977). High school education should look at sustainable agriculture for content 
to enhance the agricultural education curriculum (Borsari, 2001; Firebaugh, 1990). Influence 
of youth attitudes toward the environment and its impact on their environmental behavior is 
best when this occurs early in life (Federico, Cloud, Byrne, & Wheeler, 2003; Francis & 
King, 1994). Learning activities involving the environment help children transfer learning to 
other contexts (Basile, 2000). 
Wallace (1993) proposed that educational programs for the public on the value of 
sustainable systems and practices in the environment and agriculture would be key 
ingredients in the development and acceptance of sustainable production systems. This would 
be the case notwithstanding the changes and technical advancements in sustainable 
agriculture (Powers, 1994). Hungerford and Volk (1990), Federico et al. (2003), and 
Feldman (1999) found that educational program instruction based on issues can influence the 
knowledge, attitudes, and behavior of learners and lead them to greater environmental 
responsibility. 
Integration of science principles and their application in teaching agriculture 
curriculum has renewed credibility to agricultural education. This has been achieved due to 
the fact that science principles and application have enhanced achievement levels and 
interests of students who enroll in agriculture classes with especially substantive content in 
agriscience (Chiasson & Burnett, 2001; Conroy & Walker, 2000; Thompson, 2001). 
To adequately meet the food and fiber challenges of the 21st century, the National 
Council on Agricultural Education (1995) recommended that the agricultural education 
profession must find ways to improve the high school agricultural education curriculum. The 
study of sustainability issues encourages the use of holistic and integrative approaches to 
education (Vehoviak, Adams, & Bruening, 1994). Such a multidisciplinary approach to 
learning allows for curriculum structure that bases its content, teaching, and evaluation 
approach on societal problems and needs. Societal problems and needs become owned by 
students who experience them in daily life. The problems students get instruction on then 
acquire personal and societal understanding and action by students (Tanner & Tanner, 1995, 
p. 391). 
The multidisciplinary approach of sustainable agriculture can be used to support 
decision-making in the food and fiber system. To keep pace with developments in the 
agricultural industry, which is not the case now, infusion of sustainable agriculture into the 
high school agricultural education curriculum is necessary. Thus, there is a need to help high 
school agriculture teachers to adjust to social change such as the sustainable agriculture 
movement (Williams & Dolliso, 1998). To prepare prospective graduates to work in the 21st 
century food and fiber system, sustainable agriculture must be included in high school 
agricultural education programs (Marshall & Herring, 1991). 
Hamilton (1999) believed that there is great potential in the principles of sustainable 
agriculture in addressing the economic and environmental concerns facing the agricultural 
industry and society. He advanced that if food production systems and our relation to the 
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natural resources used to raise food are not grounded in the principles of sustainability, our 
future is in doubt (p. 6). Kirschenmann (1997, as cited in Leopold Center for Sustainable 
Agriculture, 2000) proposed that one has to become a society of"... lovers of the soil..." (p. 
6) because there are issues that go to our core as human beings on a planet that nurtures our 
life. 
Williams and Wise (1997) advanced that initiatives must be taken to integrate newly 
developed knowledge of sustainable agriculture practices into the high school agricultural 
education curriculum. Curriculum materials, instructional aids, and innovative teaching 
approaches arising from developments in sustainable agriculture help students experience 
sustainable practices. These processes in turn will facilitate student learning and curiosity in 
sustainable agriculture (Feldman, 1999; Francis & King, 1994). Cardwell (1995) implied that 
including sustainable agriculture into the high school agricultural education curriculum 
provides an opportunity for agricultural education to connect the applied sciences to the food 
and fiber system. Student connection of the applied sciences to the food and fiber system in 
high school agricultural education can provide an unparalleled opportunity to enrich 
instruction with science and technology. 
In designating sustainable agriculture as a movement that will have implications of a 
considerable change in the reinvention of agricultural education curriculum, Olson (1997) 
posited that approaches to teaching emerging technologies (soil conservation, water 
conservation and quality, wildlife protection, and production of safe and healthy food) will 
be needed. Boyer (1990) advanced that the professoriate needs to practice a scholarship of 
integration by making connections across the disciplines in their teaching (p. 19). Borsari 
(2001) indicated that issues of environmental degradation and vulnerability of farming 
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systems are raising societal concerns about conventional agriculture. Borsari supported 
earlier points of view on reinvention of the agricultural education curriculum. He advised for 
a need to review the research agenda for curriculum studies in sustainable agriculture, 
including issues and audiences for sustainable agriculture (p. 336). Borsari continued, 
"Attention to the economic aspects of agriculture cannot be neglected, yet crop yields and 
profit are no longer the only valid objectives of instruction" (p. 337). This is driving a 
societal need for a new agricultural education curriculum. There is especially a demand for 
incorporating concepts of sustainability in the high school agriculture curriculum. The 
sensitivity of the public about sustainable agriculture can be used as a strategy to address 
issues of environmental degradation and vulnerable farming systems in "... the revision of 
agricultural curricula ..." (p. 337). 
Borsari (2001), and Williams and Dolliso (1998) suggested that sustainable 
agriculture curriculum content must include farming systems practices, technologies, 
diversity issues, and direct learning. Additionally, Borsari advised on the need for integration 
into the agriculture curriculum issues of local resource use, local beneficiaries, and learning 
about agro-ecosystems at system level. 
Teaching and Learning about Sustainable Agriculture 
Several studies concerning the impact of sustainable agriculture programs on the 
teaching of sustainable agriculture by high school agriculture teachers and agricultural 
extension educators have been undertaken (Agbaje et al., 2001; Agunga, 1995; Koralalage, 
2001; O'Sullivan, 2000; Udoto & Flowers, 2001; Williams, 2000; Williams & Wise, 1997). 
Agunga (1995) determined Ohio agricultural extension educators had positive attitudes about 
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the importance of sustainable agriculture from their scores on a scale for attitudes about 
sustainable agriculture. However, the extension educators were unwilling to provide 
information to farmers about sustainable agriculture. Agunga (1995) concluded that the 
extension educators had negative attitudes towards sustainable agriculture because educators 
thought farmers did not regard the practices as innovations (p. 179). Conner and Kolodinsky 
(1997, citing Paulson, 1995), found a divergence of opinion of attitudes about sustainable 
agriculture among extension educators due what he attributed to "the 'competing paradigms' 
of agriculture, concerning the scale ('slight vs radical') of transformation needed to attain 
agricultural sustainability" (p. 7). 
Other researchers found agricultural educators or high school agriculture teachers had 
positive perceptions/attitudes toward sustainable agriculture practices (Koralalage, 2001; 
O'Sullivan, 2000; Udoto & Flowers, 2001; Whent, 1997; Williams, 2000; Williams & Wise, 
1997). Additionally, other studies have indicated that agricultural educators '/teachers ' prior 
knowledge of sustainable agriculture impacted positively the attitudes/perceptions of 
sustainable agriculture and/or use of sustainable agriculture knowledge to teach farmers or 
students (Conner & Kolodinsky, 1997; Okeafor, 2002). 
Some studies have revealed that agriculture extension educators with positive 
perceptions about sustainable agriculture have positive motivation to teach or learn about 
sustainable agriculture (Conner & Kolodinsky, 1997; Koralalage, 2001; Udoto & Flowers, 
2001; Williams, 2000). Nevertheless, when teaching farmers, extension educators with 
positive perceptions about sustainable agriculture had included topics about sustainable 
practices relatively more than had extension educators with negative perceptions about 
sustainable agriculture practices. 
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Iowa high school agriculture teachers perceived themselves to have need for 
additional things to learn about sustainable agriculture. In addition, the students taught by the 
teachers rated themselves as "only 'knowing a little' about" sustainable agriculture (Williams 
& Wise, 1997, p. 15). However, the agriculture teachers and students believed that 
agricultural practices could impact sustainable agriculture practice. Students' positive 
perceptions about the potential impact of sustainable agriculture can be used to build a 
foundation for curriculum development. Then, they can expand their knowledge on this 
foundation based on their expected impact of sustainable agriculture. Teachers' positive 
perceptions of the impact of sustainable agriculture can help them learn more about 
sustainable agriculture and facilitate students to experience sustainable agriculture practices 
(Williams, 2000). 
Agbaje et al. (2001) analyzed the perceptions of high school agriculture teachers 
regarding 16 sustainable agriculture practices and 8 topics for sustainable and agronomic 
practices in the NCR. The findings revealed that teachers have neutral perceptions about the 
sustainable agriculture practices. In addition, the teachers' perceptions were moderate to high 
regarding the majority of the topics for the high school agriculture curriculum. "Respondents 
valued sustainable practices only if the practices were profitable and perceived that farmers 
would only use practices that were economically sound" (Agbaje et al., p. 41). Teachers had 
placed relatively less value on the environmental and social dimensions of sustainable 
agriculture. The study recommended a need for further understanding of the constraints to 
integration of sustainable agriculture in the high school agriculture curriculum. It also 
recommended the need for further understanding of the relationship among farmers' use of 
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sustainable agriculture, agriculture teachers' beliefs about sustainable agriculture and the 
extent teachers teach sustainable agriculture topics in high school. 
Several studies concluded that agricultural educators and agricultural teachers had 
constraints to learning and teaching about sustainable agriculture practices to farmers and 
students (Agbaje et al., 2001; Conner & Kolodinsky; 1997; Koralalage, 2001; Udoto & 
Flowers, 2001). Negative attitudes about sustainable agriculture among agricultural educators 
and teachers could be partly due to the fact that educators have less access to information 
about sustainable agriculture. Constraints to teaching and learning about sustainable 
agriculture are caused also by the ambiguity and lack of clarity of the meaning of sustainable 
agriculture (Keeney, 1989; Mc Isaac, 1996). Even when the information is available, there 
are fewer comprehensive extension messages provided about sustainable agriculture 
practices. The extension educators perceive there is no widespread availability of proven 
sustainable agriculture technologies to encourage farmers to adopt (Agunga, 1995; 
Straquadine, 1997). 
Following a study in 18 U.S.A. states involving agriculture teachers, Straquadine 
(1997) concluded that agricultural teachers need training in printed material use, classroom 
teaching, follow-up, and support in laboratory teaching. Agbaje et al. (2001) revealed that 
sustainable agriculture is taught from a systems perspective, using problem-solving and case 
study teaching approaches. The above information is partially contradicted by findings from 
the studies previously mentioned. However, recent studies appear to support findings by 
Agbaje et al. (Doyle & Krasny, 2003; Santone, 2003/2004). From the review of literature 
previously described, one conclusion might be that constraints to teaching or learning about 
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sustainable agriculture can influence agricultural educators'/teachers' attitudes/perceptions 
about sustainable agriculture through prior level of knowledge. 
Additional studies have revealed that high school science teachers and students 
positively perceive the integration of agriscience in the agriculture curriculum across the 
nation (Balschweid & Thompson, 2002; Dailey et al). Agriscience has components of 
traditional agriculture, environmental and sustainable agriculture (Connors & Elliot, 1994). 
Apart from the value of integration of agriscience into agricultural education that was already 
mentioned, other specific aspects of the need for integration are collaboration in teaching 
among science and agriculture teachers, understanding among students and teachers of the 
reasons for integration of agriscience (Conroy & Walker, 2000), transfer of learning among 
students (Dailey, Conroy & Shelley-Tolbert, 2001), teachers' fit of agriscience with state 
education standards (Thompson & Balschweid, 2000), and description of how integration 
proceeds from science teachers' and students' perspectives (Conroy & Walker). Agriculture 
and science teachers have exchanged science knowledge content as well as a mastery of the 
transfer of pedagogical knowledge from one teaching context to another (Conroy & Walker). 
Specific examples of integration of agriscience that have provided the above described need 
involved biology and aquaculture (Balschweid, 2002; Wingenbach, Gartin, & Lawrence, 
2000). The perceptions of high school science teachers regarding integration of agriscience 
into agricultural education can support this study in exploring and deepening understanding 
on the issues related to the role of sustainable agriculture practice in the agriculture 
curriculum. Constraints regarding teacher access to curriculum materials, content knowledge 
about sustainable agriculture and pedagogical knowledge for teaching sustainable agriculture 
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can be addressed by implementation of professional development programs for teachers 
(Agbaje et al., 2001; Straquadine, 1997). 
Gaps in Knowledge on Sustainability and Agricultural Education 
A number of research findings partially support the sustainable agriculture paradigm. 
The broad theoretical underpinning of sustainability philosophy is that beliefs about a 
phenomenon such as sustainable agriculture generally lead to actions that result in behaviors 
related to the beliefs (Fishbein & Ajzen, 2003). The perceptions of high school agriculture 
teachers and agricultural extension educators regarding sustainable agriculture practice 
appear to be related to their motivation behavior to learn and teach selected topics about 
sustainable agriculture. 
However, there are issues that previous studies have not addressed: the relationships 
among sustainable agriculture teachers' philosophies of some sustainable agriculture 
practices; agriculture teachers' perceptions about selected agriculture practices; the extent 
teachers include selected topics in teaching sustainable agriculture in the high school 
agriculture curriculum; teacher motivation to teach or learn about sustainable agriculture; and 
the extent teachers use different methods for teaching sustainable topics. If the relationships 
among the aforementioned variables and agriculture teachers' philosophies can be 
understood, then the role of high school agriculture teachers' philosophies of sustainable 
agriculture in meeting students needs in the high school agriculture curriculum could be 
understood better, predicted, and managed. 
The role that agriculture teachers' beliefs about sustainable agriculture and 
sustainable agriculture topics can play in the agriculture curriculum in meeting society's 
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challenges in the agricultural industry can be understood and managed. Understanding the 
role of sustainable agriculture topics in the agriculture curriculum is possible when the needs 
of the teachers, students, and society regarding the agriculture industry are known. 
Additionally, the role that teachers' prior knowledge about sustainable agriculture plays in 
the relationship between beliefs about sustainable agriculture and the other variables 
previously mentioned could be established (Agunga, 1995; Conner & Kolodinsky, 1997). 
The relationship between teachers' beliefs about sustainable agriculture and the 
inclusion of sustainable agriculture topics in the agriculture curriculum could be established 
in relation to constraints involved in accessing sustainable agriculture curriculum materials 
and teaching innovations regarding sustainable agriculture in the high school agriculture 
curriculum (Agbaje et al., 2001; Straquadine, 1997). 
To build an agricultural education curriculum that addresses the needs of high school 
agriculture teachers, it is important to understand the impact that sustainable agriculture 
philosophies can play on the role of sustainable agriculture in the curriculum (Udoto & 
Flowers, 2001). This can be achieved largely by understanding the impact that sustainable 
agriculture philosophies of agriculture teachers can have on: motivating students to learn, 
including relevant content for student goals; facilitating student cognitive and affective 
growth through intervention on the environment (Moore, 1977) and social responsibility for a 
healthy environment; and contributing to partnerships in learning in sustainable systems 
(Jaus, 1984). 
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Conceptual Framework 
The sustainable agriculture curriculum model formed the basis of the conceptual 
framework of the current study. A curriculum model is a plan for learning, outlining at least 
the learning goals/objectives, content, activities and learning evaluation (McNeil, 1996, 
2006; Posner, 1997, 2005; Tanner & Tanner, 1995). This study relied on social 
reconstruction theory mainly to understand and explain the problem for research using a 
sustainable agriculture curriculum. Social reconstruction theory was used to understand the 
relationships between agriculture teachers' beliefs regarding sustainable agriculture and the 
teaching of sustainable agriculture in the agriculture curriculum. The theory is described 
below in relation to how it has structured the conceptualization of the problem for research, 
including the core assumptions that the theory makes to extend understanding and analysis of 
the research problem. Prior to discussion of the theory, however, the curriculum model is 
first described to give a rationale for its relationship to the theoretical perspective the study 
has adopted. 
Sustainable Agriculture Curriculum 
In 1996, the National Council for Agricultural Education first developed and 
nationally distributed instructional materials to assist in integrating sustainable agriculture 
into the high school agriculture curriculum. Some of the broad topics in natural resource 
areas included in the curriculum were soil conservation, land use, and water and air quality. 
Following these developments, state initiatives have led to steps being taken to integrate 
sustainable agriculture into the high school curriculum with agriculture teachers having 
discretion on content included in teaching. 
26 
Some of the constraints experienced for the sustainable agriculture curriculum or 
integration of science into agricultural education among those previously mentioned have 
included: lack of proven sustainable agriculture technologies from land-grant universities; 
teacher preparation for teaching sustainable agriculture; pedagogical skills for teaching 
sustainable agriculture content and teaching transfer; teacher follow up (Sraquadine, 1997) 
and lack of marketing of potential sustainable careers (Conroy, 2000). 
The sustainable agriculture curriculum naturally has assumed a social reconstruction 
curriculum model. This is due to the fact that the most severe problems of low farm incomes, 
family farm dislocations, and environmental problems facing the future workforce of the 
U.S.A. graduating from high schools were confronted with real-life problems from which to 
learn about issues and acquire skills for their solutions (McNeil, 1996, Tanner & Tanner, 
1995). 
Borsari (2005) recommended that to become truly effective, a curriculum must be 
tailored to meet more "... pragmatic and societal needs ..." (p. 99). Borsari added that "... 
participation of and motivation of students are necessary ingredients to implement 
appropriate curricular changes ..." (p. 99). The undergraduate sustainable agriculture 
program fits a social reconstruction theory (Hamilton, 1999; McNeil, 1996, 2006; Warnick et 
al., 2004). Therefore, the key features of the social reconstruction curriculum model, its 
process and assumptions are outlined in the next subsection. 
Social Reconstruction Theory 
Social ^constructionists essentially place schools and education at the center of 
social, political, and economic development (McNeil, 1996). The theory proposes that goals 
for education should include interests of the individual and society. Additionally, pressing 
societal needs must be the basis of curriculum development, teaching-learning, and 
evaluation (p. 35). Social reconstruction theory, therefore, places school curriculum as the 
instrument for achieving equitable and moral development for the society at large (p. 33). 
The theory assumes that all individual members of a society have responsibility for the 
stewardship of all resources including natural resources and the entire societal institutions (p. 
34). The acquisition and development of relevant attitudes and values from learning and 
action on societal interests are fundamental outcomes of education. All fields of study are 
useful to learn from, which enable individuals to acquire knowledge and skills necessary for 
solving real-world problems (p. 35). In this framework, emphasis for learning is placed on 
interdependence and social consensus building among learners and members of the 
community (p. 36). 
According to the theory, learning opportunities must be selected on the basis of 
satisfying three conditions: of being real, of requiring action, and teaching must include 
social values related to the goals the society aims at solving (Giroux, 1987). The curriculum 
lacks universal learning objectives and content because of the need to prioritize contextual 
problems in educational processes. However, a common cycle that learning activities follow 
includes problem analysis, learner and opportunity analysis, and resource constraint analyses, 
linking issues to societal structures and linking situational analysis to ideal visions, and 
taking action (McNeil, 1996, 2006). 
Curriculum evaluation is based on broader issues encompassing the definition of 
issues, generation gf alternative solutions, redefinition of learner's worldviews, and learners' 
willingness to take action on the problem for learning. The effects of learning on the 
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community also become a component criterion for evaluation of learning. However, social 
reconstruction perspective is criticized for a number of reasons such as the lack of solutions 
from scientific findings that have uniform interpretations, and the difficulty of drawing 
inferences for the curriculum from the findings (McNeil, 1996, 2006). 
The overlap and convergence in curriculum and learning concepts among social 
reconstruction and experiential learning theories (Dewey, 1938) have been established (Liu 
& Matthews, 2005; Tam, 2000). Evaluation of the Dewey and social reconstruction theories 
of education philosophy indicates that the following assumptions can be made: learning is 
based on meaningful experiences; experience as knowledge is constructed by individuals; a 
community of learners share educative experiences and construct communal knowledge 
(learning is systems based); and individual social attitudes and values relate to the learning 
goals adopted for education. Other assumptions of the social reconstruction theory are: 
experiential learning leads to higher order learning; matching learning to specific needs and 
the environment is important to the quality of learning; significant learning occurs when 
methods allow knowledge transfer between learning contexts; and evaluation of learning is 
participatory (Tam, 2000). 
Research Questions 
The following questions guided the study in meeting the research objectives: 
1. What is/are the philosophies/beliefs of high school agriculture teachers in the NCR 
regarding sustainable agriculture? 
2. What are the perceptions of high school agriculture teachers regarding some selected 
sustainable agriculture practices in the NCR? 
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3. What is the extent some sustainable agriculture topics are included in the agriculture 
curriculum in the NCR? 
4. What is the extent high school agriculture teachers use different teaching methods in 
the NCR? 
5. What is the relationship between agriculture teachers' philosophies/beliefs about 
sustainable agriculture and perceptions about some selected sustainable agriculture 
practices? 
6. What is the relationship between agriculture teachers' sustainable agriculture 
philosophies/beliefs about sustainable agriculture and the extent selected sustainable 
agriculture topics are included in the curriculum? 
7. What is the relationship between agriculture teachers' sustainable agriculture 
philosophies/beliefs and the extent teachers use different teaching methods? 
8. What is the proportion of variance in the extent high school agriculture teachers teach 
selected sustainable agriculture topics explained by teachers' beliefs about sustainable 
agriculture? 
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CHAPTER 3. METHODOLOGY 
Purpose of the Study 
The purpose of the study was to determine the philosophies/beliefs of high school 
agriculture teachers regarding sustainable agriculture practice and its relationship to the 
extent teachers teach sustainable agriculture topics in the agriculture curriculum in the NCR. 
The specific objectives of the study were: 
1. To determine the NCR high school agriculture teachers' philosophies/beliefs 
regarding sustainable agriculture. 
2. To determine the NCR high school agriculture teachers' perceptions of selected 
sustainable agriculture practices. 
3. To determine the extent to which some selected sustainable agriculture topics are 
included in the agriculture curriculum by high school teachers in the NCR. 
4. To determine the extent to which high school agriculture teachers use different 
methods to teach agriculture. 
5. To analyze the relationship between sustainable agriculture philosophies/beliefs of 
high school agriculture teachers and the teachers' perceptions regarding selected 
sustainable agriculture topics in the NCR. 
6. To analyze the relationship between philosophies/beliefs of high school agriculture 
teachers regarding sustainable agriculture and the extent to which teachers teach 
selected sustainable agriculture topics in the agriculture curriculum. 
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7. To analyze the relationship between philosophies/beliefs of high school agriculture 
teachers regarding sustainable agriculture and the extent to which teachers use 
different teaching methods to teach agriculture in the NCR. 
8. To analyze the proportion of variance in the extent to which agriculture teachers teach 
selected sustainable agriculture topics explained by teacher beliefs about sustainable 
agriculture in the NCR. 
The overall method used for the study was a survey questionnaire. The instrument 
was self-administered. The questionnaire was comprised of four scales and a number of scale 
items in parenthesis as follows: sustainable agriculture concept statements (20); perceptions 
of sustainable agricultural practices (21); the extent to which sustainable agriculture topics 
are taught in the agriculture curriculum (25); and the extent to which different teaching 
methods are used for teaching sustainable agriculture (13). Generally, the sustainable 
agriculture philosophies/beliefs and perceptions of selected sustainable agriculture scales 
were considered summated scales. The rest of the scales were treated as summated or single 
item scales depending on the specific research objective in question. The sustainable 
agriculture topics/practices covered the four natural resource areas of soil, water, air, and 
agro-forests, including their uses and technologies (Borsari, 2001; Okeafor, 2002). The last 
section of the instrument was used to provide respondents' data on state, gender, level of 
education, teaching experience in agriculture and farming background (Appendix C). All 
instrument scales were 5-point Likert-type scales. 
Twenty items were used to construct an adapted Alternative-Conventional 
Agriculture Paradigm scale (ACAP) (Beus & Dunlap, 1991, 1994). The items were used to 
measure agriculture teacher philosophies/beliefs on sustainable agriculture practices. The 
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ACAP scale is an index measuring the position (positive or negative) an individual occupies 
with respect to his/her beliefs on the two opposing social paradigms of sustainable 
agriculture and conventional agriculture. Beus and Dunlap (1991) found that individual 
members of the society that hold extreme beliefs regarding the two opposing views on 
sustainable-conventional agriculture paradigms will score in opposite directions and highly 
on the scale. Some of the individuals holding opposing extreme views on the sustainable-
conventional agriculture paradigms are representatives of the sustainable agriculture 
movement and chemical agribusiness members. 
The ACAP scale incorporated the six elements (independence, centralization, 
community, diversity, harmony with nature, and restraint) that reflect beliefs of what 
sustainable agriculture is or is not about (Appendix C). More emphasis was put on the 
independence element in instrument construction to minimize gender bias of that variable. 
This element has been found to be more significant from a female gender perspective relative 
to other elements (Chiappe & Flora, 1998; Flora, 1990). The elements in the sustainable 
agriculture philosophies/beliefs scale incorporated social, economic, and ecological 
dimensions of sustainable agriculture. The scales of perceptions about selected sustainable 
agriculture practices or topics were adapted from (sustainable) agriculture practices studied 
in Iowa and the NCR (Agbaje et al., 2001; Alonge & Martin, 1995; Williams & Wise, 1997). 
Scales measuring sustainable agriculture philosophies and perceptions about selected 
sustainable agriculture practices were from 1 = strongly disagree; 2 = disagree; 3 = neutral; 4 
= agree, to 5 = strongly agree (Appendix C). The scales measuring the extent to which 
selected sustainable agriculture topics are included in teaching the agriculture curriculum and 
the extent to which agriculture teachers use different methods to teach sustainable agriculture 
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topics were from 1 = none; 2 = low extent; 3 = moderate extent; 4 = high extent, to 5 - very 
high extent (Appendix C). 
Design of the Study 
A descriptive-correlational research design was employed to accomplish the research 
tasks. A descriptive research design was justified because the objectives of the study sought 
to describe accurately and comprehensively (Ary et al., 2002; McCracken, 1991) the 
philosophies/beliefs, perceptions, topics included, and methods for teaching sustainable 
agriculture. A descriptive-correlational design was also used because there was a 
theoretically informed basis for the study to establish the relationships among beliefs 
(Augoustinos & Walker, 1995; Fishbein & Ajzen, 2003) regarding sustainable agriculture 
and the other research variables measured. The design did not control for unknown 
extraneous variables (Campbell & Stanley, 1966; McCracken, 1991). 
Construct validity of the instrument is a measure of the extent to which the desired 
underlying constructs or variables in the instrument are being measured (Ary et al., 2002). 
Construct validity for the instrument was partly established by generating all elements of the 
sustainable agriculture construct from references to research literature on beliefs/perceptions 
of farmers/the public/teachers regarding sustainable agriculture practice, adoption of selected 
sustainable agriculture practices, and the extent to which agriculture teachers teach selected 
sustainable agriculture topics/practices in the agriculture curriculum (Agbaje et al., 2001; 
Hasannein, 1999; Hassanein & Kloppenburg, 1995; Kloppenburg, Henrickson, & Stevenson, 
1996; Okeafor, 2002; Udoto & Flowers, 2001; Williams, 2000). Application of the relevant 
literature in the constitution of the constructs used in the instrument was assumed to have 
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contributed to instrument construct (internal) validity. A panel of judges comprised of nine 
graduate students, some of who were also extension educators, and two professors from the 
Agricultural Education and Studies Department at Iowa State University reviewed the 
instrument for construct validity. The panel members were knowledgeable in sustainable 
agriculture and agricultural education issues in the NCR. The professors and students 
approved the instrument. Evidence of a relatively high construct validity for the instrument is 
represented by the relatively high reliability estimates expressed by Cronbach's coefficients 
(Ary et al., 2002) reported for the instrument. 
Content validity for the instrument was determined by the panel of professors and 
students by judging the completeness. Content validity refers to how representative the 
instrument content is in relation to the entire domain of content desired (Ary et al., 2002). 
Content validity for the instrument was assured by including the appropriate number of items 
that ensured a multiplicity of traits or factors representative of the entire universe of the 
construct under measure in each scale. The number of items included in each scale was as 
much as possible close to 20 items. This ensured the constructs or scale variables were 
measured accurately and completely from multiple perspectives (Lawler, 1967; McMillan & 
Schumacher, 2001). 
Face validity suggests that the instrument looks like it measures the construct 
according to respondents (Ary et al., 2002). Face validity was determined by the panel of 
experts judging the instrument to comprise variables that looked like measures for the 
constructs in the questionnaire. 
A pilot-test with 48 randomly selected high school agriculture teachers in the state of 
Iowa was performed with the instrument. This group was excluded from the main study. The 
goal of the pilot-test was to determine instrument reliability or internal consistency of the 
items measured. Cronbach's coefficient alpha of an instrument is an index indicating the 
extent to which measures from the instrument represent true scores of individuals or the 
extent to which the instrument measures the trait it is intended to measure. It is also a 
measure of the extent of inter-item consistency in measuring the trait under study (Ary et al., 
2002). The procedure for calculating Cronbach's coefficient alpha assumes equivalence of all 
scale items (McMillan & Schumacher, 2001). The coefficient is obtained from averages of 
correlation coefficients of pairs of each item with all the other items of the subscale. The 
procedure is used for items not scored right or wrong, such as attitude questionnaires. The 
higher the coefficient, the greater the extent to which measures from the instrument represent 
true scores for individuals whose scores are measured using the instrument and the inter-item 
consistency in measuring the scores of the individuals. It is a measure of how reliable an 
instrument is in measuring a trait consistently under different circumstances (Ary et al.). 
Cronbach's coefficients alpha for the instrument ranged from .74 - .95. 
Fifteen high school agriculture teachers (29%) returned useable questionnaires 
resulting in the following values of Cronbach's coefficient alpha for the scales (Cronbach's 
coefficients for the pilot study and for the actual research, respectively, are shown in 
parentheses): sustainable agriculture philosophies/beliefs (.74, .82); perceptions of selected 
agriculture practices (.93, .93); extent some sustainable practices are included in the 
curriculum (.95, .95); and the extent different methods are used in teaching (.79, .83). Only 
one item on perceptions about selected agricultural practices was deleted from the scale after 
the pilot-test results indicated the item had a relatively low inter-correlation with the other 
items. Nunnally (1967, p. 226) suggested that Cronbach's coefficient values of .50-.60 would 
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suffice for exploratory research and that of .90, would be required for decision-making 
purposes that may affect lives of others or costs related to decisions made. Based on these 
guidelines, the instrument used in this analysis produced scales that have relatively high 
internal consistency. 
The values of Cronbach's coefficient alpha for the instrument scales on perceptions 
regarding selected agriculture practices, and the extent to which selected sustainable 
agriculture topics were taught in the past studies (Agbaje et al., 2001 ; Alonge & Martin, 
1995; Koralalage, 2001; Okeafor, 2002; Udoto & Flowers, 2001), ranged from .62 to .97 and 
.86 to .91, respectively. Therefore, the values of Cronbach's coefficient alpha for this study 
fell within the range of the scales constructed for measuring similar sustainable agriculture 
constructs in past studies. The instrument used in this study is reliable and valid, based on the 
literature search, and based on face validity, construct validity (i.e., factor analysis), and 
content validity (that is, the items consistently measure the same underlying trait) (Ary et al., 
2002). 
Frame error due to possible problems, such as teacher transfers or absence of teachers 
during extended periods of the survey, was controlled by ensuring the most up-to-date and 
comprehensive list was used for the final sampling frame for agriculture teachers in each of 
the 12 NCR states. The states were: Ohio, Indiana, Illinois, Iowa, Kansas, Michigan, 
Minnesota, Missouri, Nebraska, North Dakota, South Dakota, and Wisconsin. Sampling error 
is a consequence of measuring a characteristic only in some and not all of the units of people 
in the target population. Sampling error usually exists even when a random sample is taken 
(Ary et al., 2002; Lindner, Murphy & Briers, 2001). The sample selected for completion of 
the questionnaire was more than twice the actual sample required for a 5% margin of error 
based on Cochran's (1977, 1985) sampling method. Stratified random sampling method 
ensured each sample unit selected in a state had an equal chance of selection like any other 
unit. This approach controlled for the differences that can be attributed to the demographics 
such as inter-subject and situational differences. 
The above information means that the sample contacted for completion of the 
questionnaires was typically representative of the high school agriculture teacher target 
population. This assumption may or may not be true. Other studies have shown that the 
degree of academic interaction between agriculture teachers and students can be enhanced by 
education policy, school structure (enrollment size, school sector), curriculum, and student 
factors (Lee & Burkam, 2002; Newmann, Smith, Allensworth, & Bryk, 2001; Rumberger & 
Thomas, 2000). In addition, farming systems and other technologies may determine the 
agriculture curriculum and its teaching (Straquadine, 1997). From the perspective of inter-
subject difference equalization, external validity, which is the generalizability of the findings 
from the sample to the target population, was integrated into the study design. 
Non-response error occurs when people included in the sample do not provide useful 
responses and are also different on the characteristics of interest to research than the actual 
target population (Lindner et al., 2001). Non-response error was controlled by comparing 
early and late respondents. It was not possible to compare the statistical results of each of the 
early and late respondents to a random sample of non-respondents as the most recommended 
practice required to establish the similarity or lack of it between respondents and non-
respondents on the research variables. The reason for not making the comparisons was 
because the research started towards the end of April, 2005. There was a limited time frame 
available to contact the agriculture teachers in school before the summer 2005 recess. 
Comparing early and late respondents which were 119 and 112, respectively, was 
assumed as adequate to help establish that a greater probability existed for similarity between 
respondents and non-respondents in the research variables. Underlying the assumption is that 
waves of responses in returning questionnaires due to follow-ups make late respondents and 
non-respondents similar in characteristics. This is the case because non-respondents can be 
expected to return questionnaires if, hypothetically, many follow-ups are made (Armstrong & 
Overton, 1977; Lindner et al., 2001). Late respondents were defined as teachers who returned 
questionnaires after 14 days from the day the first contact was made with respondents. This 
occurred at the end of the second week of May 2005. 
Analyses were performed to determine if there were any significant statistical 
differences (t-tests) in the results among early and late respondents (Ary et al., 2002). The 
variables for the comparison of early and late respondents were five demographics and four 
research variables. There was a significant statistical difference (p< .05) between the early 
and late respondents only on years worked part-time on the farm (Table 2). Late respondents 
tended to have a greater mean on the above variable than did early respondents. The lack of 
differences between the two groups on the four research variables important to the study led 
to the conclusion that there was similarity between respondents and non-respondents (Ary et 
al., 2002; Bartlett, Kotrlik & Higgins, 2001; Lindner et al., 2001; Miller & Smith, 1983). 
Researchers have indicated that when no statistical difference exists between early and late 
respondents on important research variables such as that of the high school agriculture 
teachers in this study, the findings can be generalizable to the target population. 
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Population and Sample 
The target population for the study was comprised of a sample of all high school 
agriculture teachers (N = 2,904) in the 12 states of the North Central Region (NCR) (U.S.A.). 
All the agriculture teachers were listed in the 2005 State Education Board Directories 
available on the website of each state education board and/or Excel® and Access® files sent 
to the researcher. All states sent to the researcher Excel® files with teacher information via 
email except Michigan, which sent a CD-rom and Minnesota, Nebraska, and Ohio which all 
sent websites with teacher information. The high school agriculture teacher list generated 
from databases in the directory for each of the 12 states was corrected for data omission 
errors such as missing postal codes by deleting records of teachers with such missing data. 
The Excel®or Access® files were converted into SPSS® files for each state. The resulting 
lists provided sampling frames for a stratified random sampling of high school agriculture 
teachers from the 12 states. Teachers were then randomly selected from the final teacher list 
for each state and the list used to send questionnaires to respondents. The current 
Agricultural Education Directories or their copies, therefore, helped to minimize frame error. 
Cochran's (1977, 1985) random sampling method satisfying a finite sample was used 
for obtaining a sample size from the target population. The sample size from the target 
population required to satisfy a sampling error of +1-5% of the variable of interest to research 
was calculated at 370. This sample size was doubled to 740. Oversampling to a sample size 
of 740 was performed because results of the pilot-test for the instrument had indicated that a 
relatively low useable questionnaire return rate of 28% was likely to be achieved for the main 
study. The stratified random sampling method was then used to proportionally sample 
(Bartlett et al., 2001; Miller & Smith, 1983) high school agriculture teachers from each of the 
12 states based on each state teacher population using the double sample size. However, the 
sample size of 740 teachers would only ensure that states with relatively large numbers of 
teachers would have at least a minimum of 20 returned questionnaires and not the states with 
relatively low agriculture teacher populations such as Michigan, Nebraska, and South 
Dakota. This result could occur because stratified random sampling only allowed relatively 
low proportional samples to be included for the three states based on their relatively low 
number of teachers. 
One hundred and four sampling units were added to the doubled sample size 
especially to provide approximately equally shared additional sampling units among the three 
states with relatively lower proportional sample contributions. This step increased the 
likelihood that each of the three states with relatively few teachers would achieve a useable 
questionnaire return of at least 10. The total final sample size for the study, therefore, was 
844 (Table 1). These procedures would allow comparisons of variables of interest among the 
different states and also statistical inference to be made about the relevant target population 
without reducing the statistical level of confidence for the comparisons and inferences (Ary 
et al., 2002). 
Methods of Data Collection 
The questionnaire for the study was mailed to every selected respondent with a cover 
letter (Appendix B) signed by the researcher and a major professor in the Department of 
Agricultural Education and Studies at Iowa State University. Clear instructions for 
completion of each section of the questionnaire were provided to respondents. A self-
addressed stamped envelope for the return of completed questionnaires to the researcher was 
enclosed. The cover letter, approved by the Institutional Review Board at Iowa State 
University (Appendix A), explained the purpose of the survey and human subjects' rights to 
the respondents. 
The cover letter requested the respondent to complete and return the questionnaire 
within 10 days from the date of receipt of the questionnaire. Each letter sent to a respondent 
was coded on the envelope to assist in identifying respondents that had returned 
questionnaires and those that had not. Follow-up letters (Appendix D) were sent to 
respondents two weeks after the initial contact if respondents had not returned completed 
questionnaires. A second follow-up letter was not sent to non-respondents as recommended 
by Dillman's (2000) Tailored Design Method. Further, although many follow-ups are 
desirable for a maximum response rate, when follow-up interval length is too long, such as 
would have occurred for this study between May 2005 and August/September 2005 because 
of the summer recess, the effects of maturation and history experienced by teachers due, 
respectively, to the passage of time and other events, would have biased teachers' responses 
(Armstrong & Overton, 1977; Campbell & Stanley, 1966). Although some teachers have 
extended contracts, mailing items to them in the summer is complicated because of the 
longer time to process mail locally, with administration offices being closed for part of the 
summer. Respondents returned 239 useable questionnaires, resulting in a return rate of 28%. 
Analysis and Organization of Data 
The tasks in data analyses focused on the following: 
1. Summarizing the data into measures of central tendency to describe the subjects of 
research on demographics and other variables. 
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2. Analyzing the relationship between teachers' sustainable agriculture philosophies and 
other variables. 
3. Analyzing the proportion of variance in the extent to which selected sustainable 
agriculture topics taught in the agriculture curriculum is explained by teachers' 
sustainable agriculture philosophies, and other independent variables. 
Data analysis was organized on the basis of the research objectives. Data were 
analyzed by means, standard deviations, and percentages using SPSS® and/or SAS®. Data 
were also analyzed by (-tests, Pearson and Point-biserial correlation coefficients, and 
multiple correlation coefficients. Post-hoc analyses for mean scores of teachers on the scale 
variables were conducted using independent (-tests or one-way ANOVA. Alpha was set a 
priori at .05 for the analyses or tests. The analyses determined if any differences in the 
research variables among teachers existed due to differences in the demographic variables. 
Tests of homogeneity of variance and normality were done for the mean differences and 
regression model, respectively. The t-test compares two population means using samples 
taken from the populations, assuming independence, normal distribution, and equal 
variances. The t-test uses a weighted average of the separate mean variances or ratio of the 
estimated larger and smaller variances of sample means to estimate the probability of 
equality of the population (Agresti & Finlay, 1997). 
The normal probability plot-tested the assumption that prediction errors (residuals) 
from regression of the independent variables on the dependent variable were normally 
distributed. The test involved plotting actual model residuals against expected residuals under 
the null hypothesis of normality, resulting in a linear trend if the residuals are distributed 
normally (Mendenhall & Sincich, 1996). Both tests ensured that the statistical results from 
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the analyses would satisfy required statistical assumptions to allow inferences to be made 
about the results (Agresti & Finlay, 1997). Details of the results for the analyses are reported 
under the findings. 
The proportions of the stratified random sample calculated from Cochran's (1977, 
1985) method for finite samples for all states were adjusted for low response rates realized 
from the pilot-test as explained previously. Table 1 presents from each state: the number of 
teachers available for stratified random sampling, proportional sample, adjusted sample for 
low response rate and useable questionnaires returned. 
To eliminate the possibility of response bias from respondents compared to non-
respondents, the likelihood of a similarity or dissimilarity between the two groups was tested. 
A comparison of results of the early and late respondents on the research (Armstrong & 
Overton, 1977) and demographic variables (Appendix C) was performed (Lindner, Murphy, 
& Briers, 2001). Table 2 presents the results. There was no significant difference (p< .05) 
between the early and late respondents on the primary research variables and demographic 
variables except for the mean number of years teachers had worked part-time on the farm. 
Limitations of the Study 
The following limitations were observed regarding this study: 
1. Only one follow-up requesting respondents to return questionnaires was made 
because of a limited time frame to follow-up teachers between the start of research at 
the end of Spring 2005 and Fall 2005. The low response rate of 28% could introduce 
a margin of error in the estimation of the various measures of the variables of interest 
to the research (Bartlett et al., 2001; Dillman, 2000; Lindner et al., 2001). This 
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Table 1. Population, samples, adjusted samples, and response rates by states 
Population and Sample Sample Adjusted for Low Responses Response Rates 
State Number of 
Teachers, N 
Proportional 
Sample, n (%) n % n 
Return 
% 
Illinois 315 80(10.81) 80 9.48 21 26.25 
Indiana 243 62 (8.38) 57 6.75 17 29.82 
Iowa 178 45 (6.13) 62 7.35 18 29.03 
Kansas 181 46 (6.23) 56 6.64 18 32.14 
Michigan 67 17 (2.30) 40 4.74 8 20.00 
Minnesota 239 61 (8.23) 62 7.35 11 17.74 
Missouri 427 109 (14.70) 104 12.32 28 26.92 
Nebraska 132 34 (4.59) 60 7.11 21 35.00 
North Dakota 237 61 (8.16) 61 7.22 6 9.84 
Ohio 492 125 (16.94) 118 13.98 48 40.68 
South Dakota 80 20 (2.75) 60 7.11 18 30.00 
Wisconsin 313 80(10.78) 84 9.95 27 32.14 
Total 2,904 740 (100) 844 100 240 28.44 
Note: n = number completing questionnaire. 
Table 2. Comparison of early and late respondents on research variables and demographics 
Early Respondents Late Respondents T-test Variable 
n Mean SD n Mean SD 
Beliefs about SA 119 3.66 0.45 112 3.65 0.41 0.11 
Perceptions about SA 117 3.90 0.59 109 3.88 0.53 0.28 
Extent SA taught 117 3.15 0.70 110 3.17 0.78 -0.18 
Extent methods used 119 3.06 0.69 114 3.03 0.76 0.38 
Years agriculture taught 122 16.07 10.05 117 16.56 9.83 -0.38 
Years lived full-time on farm 119 20.16 16.64 115 17.69 15.72 1.17 
Years lived part-time on farm 119 8.18 12.55 115 11.42 14.35 -1.84 
Years worked full-time on farm 120 12.20 14.73 114 10.50 12.92 0.94 
Years worked part-time on farm 119 12.18 13.85 115 16.88 15.17 *2.47 
Note: SA = sustainable agriculture; n = number completing questionnaire on variable; (-test = (-test 
statistic; * = (-statistic significant (p< .05). 
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response rate could also limit the level of confidence with which the results of the 
research can be generalized to the target population of research. 
2. Fifteen percent of the returned questionnaires were completed by female high school 
agriculture teachers. However, the actual proportion of female agriculture teachers in 
the target population and the consequence of this finding on the research variables 
could not be determined from the sampling frames available for this study. This 
situation was the case because identifying teachers' gender from the sampling frames 
was not possible. This lack of clarity can be a problem because gender may determine 
the dimensions of sustainable agriculture that an individual adopts and emphasizes 
(Chiappe & Flora, 1998; Peter, Bell, Jarnagin & Bauer, 2000). Although there is no 
certainty whether the proportion of female high school agriculture teachers in the 
target population and those in the returned questionnaires were comparable, there is 
evidence that the gender proportions of male and female teachers found in this study 
reflect the general trends from past studies (Okeafor, 2002; Sikinyi, 2003; 
Straquadine, 1997). 
Assumptions of the Study 
The following assumptions were made regarding the study: 
1. The instrument and scales constructed for measuring the variables important to 
research were valid, reliable and, therefore appropriate for the measurement of the 
variables/constructs that have been researched. 
2. All high school agriculture teachers read and understood the questions on the 
questionnaire in the same way and were equally knowledgeable in providing 
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responses to questions. That is, each question item measured all the responses 
accurately and validly. 
3. All teachers were technically knowledgeable about sustainable agriculture practices 
and were able to teach students about selected sustainable agriculture topics. 
4. The prediction relationships established in correlational and Generalized Linear 
Model (GLM) regression analyses assume that the extraneous variables used to 
control for the relationships are the potential variables in real life. This may or may 
not be true. Only empirical research geared towards establishing such relationships 
can confirm the actual extraneous variables (McCracken, 1991; McCracken & Etuk, 
1985; Nazri & Barrick, 1990). Therefore, causal relationships are assumed in the 
GLM regression analyses. 
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CHAPTER 4. FINDINGS 
The purpose of this study was to determine high school agriculture teachers' 
philosophies/beliefs regarding sustainable agriculture and their relationship to the extent 
teachers taught selected sustainable agriculture topics in the North Central Region (NCR) of 
the U.S.A. The study determined teachers' beliefs regarding sustainable agriculture, their 
perceptions regarding selected sustainable agriculture practices, the extent teachers taught 
selected sustainable agriculture topics and the extent teachers used teaching methods to teach 
sustainable agriculture in the agriculture curriculum. Additionally, the study determined the 
relationships among agriculture teachers' beliefs regarding sustainable agriculture, teachers' 
perceptions about selected sustainable agriculture practices, the extent teachers taught 
selected sustainable agriculture topics, and the extent they used different teaching methods to 
teach sustainable agriculture in the agriculture curriculum. 
Further, the study analyzed the proportion of variance in the extent to which 
agriculture teachers taught sustainable agriculture that was explained by teachers' beliefs 
regarding sustainable agriculture. Additionally, the study made comparisons of the following 
demographic data provided by the respondents: state, gender, undergraduate major, number 
of years agriculture teachers taught agriculture, highest level of education reached, and the 
number of years teachers lived full or part-time on the farm. The other demographic data 
analyzed were the number of years agriculture teachers worked full or part-time on the farm. 
Finally, the potential influences of the demographics on the research variables were also 
analyzed. 
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Demographic Data 
Of the 240 high school agriculture teachers in the study who returned questionnaires for the 
survey, 38 (16%) were female and a majority of 202 (84%) was male. Figure 1 represents the 
data. 
Distribution of Respondents by Gender 
Females, 38, 16% 
Females 
Males % 
— 
Males, 202, 84% 
Figure 1. Distribution of respondents by gender 
The demographic variables were divided into a number of categories as shown in 
Table 3. The categories were based on modes of 0 and 5 years for continuous variables, and 
some were further subdivided into sample proportions that were approximately equal to 
maximize variance (Ary et al., 2002). The four highest levels of education were grouped in 
two categories, with the MS and PhD levels combined since the latter was comprised of only 
two teachers. The "other" level of education which did not fit into an ordinal/categorical 
scale, was used to represent missing values (Table 3). Approximately 50% of the teachers 
had not lived part-time on the farm or worked full-time on the farm, and the remainder of the 
teachers had lived part-time or worked full-time on the farm for at least one year or more. 
The proportion of teachers who had lived full-time on the farm for zero or 1 to 20 years 
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Table 3. Categories, frequencies, and percentages for demographic variables 
Variable Categories n Percent (%) 
Years lived full-time on farm 0 69 29.50 
1-20 68 29.10 
21-30 49 20.90 
31-61 48 20.50 
Years lived part-time on farm 0 119 50.90 
1-20 60 25.60 
21-53 55 23.50 
Years worked full-time on farm 0 104 44.10 
1-20 79 33.80 
21-49 51 21.80 
Years worked part-time on farm 0 73 31.20 
1-20 88 37.60 
21-59 73 31.20 
Years agriculture taught 5 48 20.10 
6-15 70 29.30 
16-25 59 24.70 
Over 25 54 25.90 
Levels of education BS 112 48.50 
MS, PhD. 119 51.50 
Note: n = number of teachers in category. 
was about equal and each comprised of almost one-third of the teacher population. Teacher 
distribution in the 21 to 30 years and over 30 years categories was each about 21%. The 
distribution of teachers in the three categories of working part-time on the farm was 
relatively even. Twenty percent of the teachers had the least experience of 5 years regarding 
teaching about agriculture. Teachers with experience teaching agriculture between 6 to 15 
years comprised the largest group (29%) compared to other teaching experience categories. 
Table 4 presents frequencies, means, and standard deviations of the number of years 
agriculture teachers taught agriculture, teachers lived full or part-time on the farm, and 
agriculture teachers worked full or part-time on the farm. The mean number of years 
agriculture teachers taught the agriculture curriculum was 16.31. The median was 16.00 
years and the mode was 5.00. The standard deviation was 9.93 years. The mean number of 
years agriculture teachers lived full-time on the farm was 18.94 years. The median was 20 
years and the mode was 0 years. The standard deviation was 16.21 years. On the other hand, 
the mean number of years agriculture teachers lived part-time on the farm was 9.78 years. 
The median was 0 years and the mode was also 0 years. The standard deviation for the 
number of years agriculture teachers had lived part-time on the farm was 13.53 years. 
Table 4. Frequencies, means and standard deviations for demographics 
Demographic variable n Mean Median Mode SD 
Years agriculture taught 239 16.31 16.00 5.00 9.93 
Years lived full-time on the farm 234 18.94 20.00 0.00 16.21 
Years lived part-time on the farm 234 9.78 0.00 0.00 13.53 
Years worked full-time on the farm 234 11.37 4.50 0.00 13.88 
Years worked part-time on the farm 234 14.49 10.00 0.00 14.68 
Note: n = number of teachers completing questionnaire; SD = standard deviation. 
The mean of the number of years agriculture teachers worked full-time on the farm 
was 11.37 years. The median was 4.50 years and the mode was 0 years. The standard 
deviation of the number of years agriculture teachers had worked full-time on the farm was 
13.88 years. On the other hand, the mean of the number of years agriculture teachers worked 
part-time on the farm was 14.49 years. The median was 10 years and the mode was 0 years. 
The standard deviation of the number of years agriculture teachers had worked part-time on 
the farm was 14.68 years. Although the means of the number of years for various 
demographics were relatively high, even though the modal values for the demographics were 
zero or 5 years, contradicting the higher mean values. In general, findings for the mean 
number of years agriculture teachers taught agriculture reflected an estimate of the variable 
similar to the results of the past studies (Koralalage, 2001; Okeafor, 2002; Sikinyi, 2003). 
Straquadine (1997), for example, found that about 55% of agriculture teachers who had their 
highest degree from 1981 to 1991, had experience of teaching agriculture ranging from 6 to 
20 years. 
Since some values for the modes of the demographics were 0 or 5 years and analysis 
of the mean difference of the number of years teachers worked part-time on the farm between 
early and late respondents was significant (p< .05), the recoded demographic variables were 
analyzed for their possible influences on the research variables. Post-hoc analyses using t-
tests and one-way ANOVA multiple comparisons were performed to test the influence of the 
demographics on the means of the research variables. The multiple comparison technique 
compares pairs of any levels of the same variable (Agresti & Finlay, 1997). 
There were no statistically significant differences (p> .05) on beliefs and perceptions 
about sustainable agriculture among agriculture teachers due to any differences in the 
demographics except for gender (Appendix E). However, there were statistically significant 
differences (p< .05) in means of the extent to which teachers taught selected sustainable 
agriculture topics and the extent teachers used different methods to teach sustainable 
agriculture due to differences in the number of years teachers lived full or part-time on the 
farm, and the number of years teachers worked full or part-time on the farm for levels of each 
variable. There was also a significant difference (p< .05) in means of the extent to which 
teachers taught sustainable agriculture due to gender (Appendix E). There was also a 
significant statistical difference (p< .05) on the extent sustainable agriculture was taught 
among teachers based on the length of time teachers had taught agriculture. There was no 
significant (p> .05) statistical difference in the means of the research variables due to the 
state in which the teacher was employed or the undergraduate major(s) the teacher undertook 
in college (Appendix E). 
It is interesting to note a pattern developed where teachers who had lived or worked 
full or part-time on the farm for over 20 years consistently taught sustainable agriculture to a 
relatively higher and statistically significant extent than had teachers that taught for 1-20 
years. Similarly, agriculture teachers who lived full-time or worked full or part-time on the 
farm for over 20 years consistently used a variety of teaching methods to teach sustainable 
agriculture to a relatively higher extent than teachers that worked full or part-time on the 
farm for 1-20 years. Teachers who lived part-time on the farm for over 20 years used 
different teaching methods to teach sustainable agriculture to a relatively higher extent than 
teachers who lived part-time on the farm for 0 or 1-20 years. Only teachers who lived full-
time on the farm for 0 years used teaching methods to a relatively high and significant (p< 
.05) extent than had teachers who lived full-time for 1-20 years. The results are presented in 
Appendix E. 
Table 5 presents frequencies and percentages of agriculture teachers in the 
undergraduate majors in the NCR. Agriculture teachers had completed majors in agricultural 
education (72%) followed by animal science (8%), double major (8%), other undergraduate 
majors (9%), agronomy (2%) and horticulture (1%). 
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Table 5. Frequencies and percentages for teacher undergraduate majors (TV = 239) 
Undergraduate Major / % 
Agronomy 4 1.70 
Animal science 20 8.30 
Horticulture 3 1.30 
Agricultural education 172 71.70 
Double major 19 7.90 
Other 21 8.80 
Total 239 100.00 
Note: / = frequency. 
Figure 2 presents the distribution of the highest levels of education agriculture 
teachers had reached. The number of agriculture teachers that attained the BS degree as their 
highest degree was nearly similar to the number of teachers that had attained the MS degree 
as their highest degree, respectively at 112 (46.7%) and 117 (48.8%). The number of teachers 
that attained the PhD was 2 (.8%). The number of teachers that had other levels of education 
attainment different from those above was 8 (3.3%). Past studies found similar results for 
teachers' highest level of education (Koralalage, 2001; Okeafor, 2002; Sikinyi, 2003). 
Highest level of education attained by high school teachers 
BS MS PhD Other 
Figure 2. Level of education of respondents 
Findings in this study and that of Straquadine (1997) from a national study generally 
indicated that the proportions of the population of NCR agriculture teachers with the BS and 
MS levels of education is about the same over time like studies mentioned earlier have 
shown. This can be illustrated by the composition of the teacher population proportions for 
the BS and MS in the Straquadine study which were respectively, 53% and 42%. 
Beliefs about Sustainable Agriculture 
Descriptive data analysis on agriculture teachers' beliefs regarding sustainable 
agriculture was performed, resulting in mean scores, standard deviations, (-tests, percentages 
and frequencies for the summated and individual subscale items. The three negatively 
worded sustainable agriculture belief statements (Appendix C) were reverse-coded in a 
positive direction before data analysis was performed (Ary et al., 2002). Table 6 presents a 
summary of the results. The number of high school agriculture teachers with complete data 
analyzed for the summated scale was 231. The overall mean score for teacher beliefs about 
sustainable agriculture was 3.66. The median score was 3.70 and the mode was 3.65. The 
standard deviation for the summated scale was .43. Since all the measures of central tendency 
of mean, median and mode were nearly equal in magnitude, scores on the subscale were 
relatively normally distributed (Ary et al., 2002). 
As shown in Table 6, the number of agriculture teachers who completed the beliefs 
subscale ranged from 236 to 239 for the individual subscale items. Mean scores ranged from 
2.59 to 4.24. The standard deviation ranged from .74 to 1.08. Seventeen out of 20 subscale 
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Table 6. Frequencies, means, and standard deviations for individual items on beliefs about 
sustainable agriculture 
Sustainable Agriculture Belief Statement *Ec/Ev/So n Mean SD 
Development of healthy soils is important for sustainable Ev 237 4.24* 0.90 
agriculture 
Sustainable agriculture conserves natural resources for the Ev/So 237 4.14*B 0.88 
benefit of future generations 
Crop rotation is important to achieving sustainable agriculture Ev 237 4.14*® 0.98 
Sustainable agriculture promotes recycling of renewable natural Ev 236 3.93bc 0.82 
resources 
Sustainable agriculture values nature for its own sake So 236 3.93bc 0.92 
Agricultural knowledge from extension is important for the Ec 239 3 93
bc 0.80 
success of sustainable agriculture 
Exchange of knowledge about locally designed technologies So 237 3.88bc 0.77 
among producers promotes sustainable agricultural practices 
3.86™ Integrating diverse crops with livestock enterprises promotes Ev/So 237 0.74 
sustainable agriculture 
Local farming practice impacts success of sustainable So 239 3.85cde 0.89 
agriculture 
Innovations in agricultural technology determine the success of E 238 3.62def 0.99 
sustainable agriculture 
Sustainable agriculture promotes local processing of agricultural So 239 3.59ef 0.89 
production 
Sustainable agriculture promotes local marketing of agricultural E 239 3.55f 0.84 
production 
Sustainable agriculture promotes specialized crop and livestock E 237 3.54f 0.92 
enterprises 
Local knowledge of farming in a community is an indication of So 238 3.52f 0.99 
sustainability in agriculture 
Sustainable agriculture practices emphasize rural landscape So 237 3.47fg 0.88 
quality and aesthetics 
Sustainable agriculture reduces need for over reliance on E 238 3.45fg L01 
external sources of inputs 
Sustainable agriculture increases returns to farm labor E 237 3.45™ 0.90 
Farm-size is related to the farm management necessary for E 239 3.23™ 1.08 
attainment of a sustainable agriculture 
The size of a community impacts development of sustainable So 238 3.11" 1.05 
agriculture 
Sustainable agriculture indicates low farm capital investment Ec 238 2.68' 1.01 
and technology 
Total 231 3.66 0.43 
Note: *Ec=economic or Ev=environment or So= social dimension of sustainable agriculture; 1 = strongly 
disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly agree; n = number completing questionnaire; SD = 
standard deviation; A,B'c'" - least squares means with the same letter are not significantly different (p> .05). 
items (85%) had mean scores of 3.50 while three items (15%) had mean scores less than * 
3.50. On average, teachers agreed to statements supporting beliefs about sustainable 
agriculture practice. 
Item means were separated into nine mean ratings with least squares mean difference 
among the ranked means being significant (p< .05). Each mean rank is represented by a 
single or a combination of alphabetical letters (a-i). Mean ratings sharing the same single 
letter or a letter in combination with other letters are not statistically significantly different 
from each other {p> .05). Most items were similarly rated by these agriculture teachers. The 
highest rated means were generally comprised of statements supporting beliefs about 
sustainable agriculture that individuals in society have relatively less contention about as 
sustainable practices than do those with the lowest ratings (Beus & Dunlap, 1990,1991). 
The top six mean ratings in declining order were: (1) development of healthy soils is 
important for sustainable agriculture; (2) sustainable agriculture conserves natural resources 
for the benefit of future generations; (3) crop rotation is important to achieving sustainable 
agriculture; (3) sustainable agriculture promotes recycling of renewable natural resources; (4) 
sustainable agriculture values nature for its own sake; (5) agricultural knowledge from 
extension is important for success of sustainable agriculture; and (6) exchange of knowledge 
about locally designed technologies among producers promotes sustainable agriculture 
practices. 
The top three mean ratings are not statistically significantly different from each other. 
There is also no statistically significant difference among mean ratings from the second to the 
seventh one. The first mean rating is statistically significantly different from the top mean 
ratings starting from the fourth mean rating to the seventh mean rating. There is no 
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statistically significant difference among the following mean ratings from the: fourth to the 
ninth, eighth to the tenth, tenth to the seventeenth, fifteenth to the eighteenth, and eighteenth 
to the nineteenth. Only the lowest rated mean occupied its own unique mean rating. As is 
clearly evident from the narrative, there is a pattern of overlap of means among mean rating 
groups until the nineteenth mean rating. Some mean rating groups overlap with other mean 
ratings more than do others. Some mean rating groups are longer while others are shorter as 
illustrated in the narrative. 
The four lowest mean ratings in the last three mean rating groups in declining order 
were: (1) sustainable agriculture practices emphasize rural landscape quality and aesthetics, 
sustainable agriculture reduces need for over reliance on external sources of inputs, 
sustainable agriculture increases returns to farm labor; (2) farm-size is related to the farm 
management necessary for attainment of a sustainable agriculture; (3) the size of a 
community impacts development of sustainable agriculture, and (4) sustainable agriculture 
indicates low farm capital investment and technology. Only the last mean rating was clearly 
and uniquely belonging in its own mean rating group without overlapping other mean ratings. 
An attempt was made to identify the emphasis that agriculture teachers gave to the 
three dimensions of social, economic, or ecological in the statements supporting beliefs about 
sustainable agriculture. The elements used in differentiating proponents of sustainable 
agriculture and conventional agriculture (Beus & Dunlap, 1990; Chiappe & Flora, 1998) 
respectively, were used to designate dimensions to each belief statement. Designation of a 
specific dimension to a sustainable agriculture belief statement depended on whether the 
specific dimension or combination largely derived from the belief statement. Determining the 
dimensions of sustainable that agriculture teachers emphasize in teaching agriculture may 
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assist in evaluating the potential of agriculture curriculum to impact problems in the 
agriculture industry. 
The first five belief statements all emphasized ecological dimensions and/or a 
combination of ecological and social dimensions. The sixth, seventh, and eighth belief 
statements about sustainable agriculture emphasized economic, social, and ecological/social 
dimensions, respectively. The last four belief statements mainly emphasized economic 
dimensions of sustainable agriculture. In general, teachers' beliefs emphasized 
ecological/social dimensions followed by the economic dimension in teaching sustainable 
agriculture. 
Table 7 presents relative frequencies of agriculture teachers' response categories on 
the individual beliefs subscale items. Agriculture teachers had a relative frequency of at least 
50% on agree or strongly agree response categories for each of 18 of the 20 items and a 
relative frequency of less than 50% for 2 of the 20 items. The teachers had a relative 
frequency of at least 60% on agree and/or strongly agree response categories for each of the 
13 of the 20 beliefs items. Items with the highest relative frequencies (agree, strongly agree) 
in declining order were development of healthy soils is important for sustainable agriculture 
(89%), sustainable agriculture conserves natural resources for the benefit of future 
generations (86%), crop rotation is important to achieving sustainable agriculture (85%), 
sustainable agriculture promotes recycling of renewable natural resources (81%), and 
exchange of knowledge about locally designed technologies among producers promotes 
sustainable agriculture practices (79%). Generally, the items that had the highest or lowest 
relative frequencies for teachers' responses on agree and/or strongly agree response 
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Table 7. Relative frequencies of individual items on beliefs about sustainable agriculture of 
agriculture teachers 
Sustainable Agriculture Belief Statement 
Percent ("/ 
1 2 3 4 5 
2.50 3.80 4.60 45.10 43.90 
2.10 3.80 8.40 48.90 36.70 
3.40 5.10 6.30 45.10 40.10 
1.70 5.10 11.90 61.40 19.90 
1.70 5.90 18.20 46.60 27.50 
0.40 5.90 15.50 56.90 21.30 
1.70 3.40 16.50 62.40 16.00 
1.30 3.80 16.30 63.80 13.80 
1.70 15.10 18.90 47.90 16.40 
1.70 10.90 25.50 50.60 11.30 
1.30 8.40 15.10 54.40 20.90 
0.80 11.70 27.20 51.90 8.40 
2.50 10.40 27.90 46.70 11.30 
3.80 12.20 25.20 45.80 13.00 
1.30 13.10 32.10 44.70 8.90 
4.60 14.70 21.80 49.20 9.70 
2.50 12.20 31.60 45.10 8.40 
Development of healthy soils is important for sustainable 
agriculture 
Sustainable agriculture conserves natural resources for the benefit 
of future generations 
Crop rotation is important to achieving sustainable agriculture 
Sustainable agriculture promotes recycling of renewable natural 
resources 
Sustainable agriculture values nature for its own sake 
Agricultural knowledge from extension is important for the 
success of sustainable agriculture 
Exchange of knowledge about locally designed technologies 
among producers promotes sustainable agricultural practices 
Integrating diverse crops with livestock enterprises promotes 
sustainable agriculture 
Innovations in agricultural technology determine the success of 
sustainable agriculture 
Sustainable agriculture promotes local processing of agricultural 
production 
Local farming practice impacts success of sustainable agriculture 
Sustainable agriculture promotes local marketing of agricultural 
production 
Sustainable agriculture promotes specialized crop and livestock 
enterprises 
Local knowledge of farming in a community is an indication of 
sustainability in agriculture 
Sustainable agriculture practices emphasize rural landscape 
quality and aesthetics 
Sustainable agriculture reduces need for over reliance on external 
sources of inputs 
Sustainable agriculture increases returns 
to farm labor 
Farm-size is related to the farm management 
necessary for attainment of a sustainable agriculture 
The size of a community impacts development 
of sustainable agriculture 
Sustainable agriculture indicates low farm capital investment and 
technology 
6.70 21.80 21.80 41.80 7.90 
3.80 30.30 25.20 32.80 8.00 
11.30 34.90 31.90 18.50 3.40 
Total 0.40 3.10 17.70 71.40 7.40 
Note: 1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly agree. 
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categories occurred for items that had the highest or lowest mean ranks, respectively, as 
already noted. 
Items with the lowest relative frequencies, in declining order, were sustainable 
agriculture practice emphasize rural landscape quality and aesthetics (54%), sustainable 
agriculture increases returns to farm labor (54%), farm-size is related to the farm 
management necessary for attainment of a sustainable agriculture (50%), the size of a 
community impacts development of sustainable agriculture (41%), and sustainable 
agriculture indicates low farm capital investment and technology (22%). The overall relative 
frequency of agriculture teachers for agree and/or strongly agree response categories on 
statements supporting beliefs about sustainable agriculture was, on average, relatively high 
(79%). 
Perceptions of Agricultural Practices 
Descriptive data analysis on agriculture teachers' perceptions regarding selected 
agricultural practices was performed resulting in means, standard deviations, Mests, 
percentages, and frequencies for the summated scale and individual subscale items. Table 8 
presents a summary of the results. The number of agriculture teachers with complete data 
analyzed for the summated scale was 226. The overall mean score for the summated scale 
was 3.89. The median and mode were 3.95 and 3.80, respectively. The standard deviation for 
the summated scale was .56 and relatively greater than the beliefs subscale. Since the mode 
was not nearly equal in magnitude to the mean and median scores at two decimal places, 
measures from the subscale were relatively less normally distributed compared to the beliefs 
subscale (Agresti & Finlay, 1997; Ary et al., 2002). 
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Table 8. Frequencies, means and standard deviations for individual items on perceptions of 
teachers regarding sustainable agriculture practices 
Sustainable Agriculture Practice n Mean SD 
Crop rotation 236 4.27* 0.85 
Soil test 237 4.27* 0.84 
Use of animal manure 237 4.25* 0.81 
Conservation tillage 237 4.25* 0.82 
Integrated pest management 237 4.18*® 0.79 
Rotational grazing 237 4.17*8 0.85 
Recycling agricultural wastes 234 4.17*9 0.79 
Use of green manure 237 4.05*®° 0.85 
Reduced tillage 236 3 97
bcd 0.84 
Reduced rates of herbicides 237 3.91™ 0.84 
Reduced use of fertilizers 237 3 90cde 0.88 
Insect resistant crops 236 3.86cdef 0.92 
Fall seeded cover crop 236 3.85cdef 0.87 
Reduced nitrogen fertilizer rates 235 3 79DEFG 0.89 
Mechanical weeding 237 3.68™" 0.97 
Use of low input livestock facilities 235 3.67EFGH 0.96 
Narrow strip intercropping 236 3.66°™ 0.89 
Herbicide resistant crops 236 3.60™ 1.01 
Nitrogen application 237 3.45™ 0.94 
Row banding of herbicides 237 3.42' 0.96 
Use of nitrification inhibitor 236 3.41' 0.75 
Total 226 3.89 0.56 
Note: 1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly agree; 
n = number completing questionnaire; SD = standard deviation; A'B'c' "= least squares means with the 
same letter are not significantly different (p> .05). 
The number of agriculture teachers who completed the perceptions subscale ranged 
from 234 to 237 for the individual subscale items. Mean scores for each of the 21 perception 
items ranged from 3.41 to 4.27. The standard deviation ranged from .75 to 1.01. Nineteen out 
of 21 items (90%) had mean scores of at least 3.5 while 2 items (10%) had mean scores 
below 3.5. Therefore, on average, agriculture teachers agreed and/or strongly agreed to 
selected sustainable agriculture practices. 
The item means were separated into nine ranks with least squares mean difference 
among the ranked means being significant atp< .05. Each mean rank is represented by a 
single or combination of alphabetical letters (a-i). Most items were similarly rated by 
agriculture teachers. Mean ratings sharing a single alphabetical letter or a letter in 
combination with other alphabetical letters are not statistically significantly different from 
each other (p< .05). Generally, no mean rating clearly and uniquely belonged to its own mean 
rating group without overlapping other mean ratings at lower or higher ranks. The top eight 
mean ratings in declining order were: (1) crop rotation, (2) soil test, (3) use of animal 
manure; (4) conservation tillage; (5) integrated pest management; (6) rotational grazing; (7) 
recycling of agricultural wastes; and (8) use of green manure. 
The top eight mean ratings were not statistically significantly different from each 
other. The next six mean ratings were also not statistically significantly different from each 
other and only the ninth mean rating was not statistically significantly different from the 
items in the first mean rating group. There was also no statistically significant difference 
among the following mean ratings starting from the: eleventh to the sixteenth, fifteenth to the 
nineteenth, and seventeenth to the twenty-first mean ratings. Overlaps among the mean 
ratings are illustrated in the narratives as above. The lowest 4 ranked mean ratings in the last 
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three mean rating groups in declining order were: (1) narrow strip intercropping; (2) 
herbicide resistant crops; (3) nitrogen application; (4) row banding of herbicides and use of 
nitrification inhibitor. 
Table 9 presents relative frequencies of agriculture teachers' response categories on 
the practices subscale items. Seventeen of the 21 practices had relative frequencies for agree 
and/or strongly agree response categories of over 60%. Only 2 of the 21 items had relative 
frequencies between 50% and 60%. Eight of the 17 practices had relative frequencies for 
agree and/or strongly agree response categories of over 80%. The items that had the highest 
relative frequencies on agree and/or strongly agree responses and their relative frequencies in 
declining order were: crop rotation (90%); integrated pest management (89%); rotational 
grazing (89%); soil test (88%); recycling of agricultural wastes (88%); use of animal manure 
(88%); conservation tillage (88%); and reduced tillage (82%). Generally, the items that had 
the highest or lowest relative frequencies for teachers' responses on agree and/or strongly 
agree response categories occurred for items that had the highest or lowest mean ranks, 
respectively, as already noted. 
Therefore, the number of practices with relative frequencies for agree and/or strongly 
agree response categories of agriculture teachers of 50% were relatively greater in 19 of 21 
items compared to the beliefs subscale at 16 out of 20 items. Again, teachers had agreed or 
strongly agreed to practices that farmers and extension educators consider traditional 
agriculture practices. 
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Table 9. Relative frequencies of teachers' responses for individual items regarding 
sustainable agricultural practices 
RnQtainnhlf1 À oriPiiltiiTfil Practipp Percent (°/l i) OUûUlulaUlv i igl lvUlVUlAl 1  1OWIVV 
1 2 3 4 5 
Crop rotation 2.50 1.70 5.50 47.00 43.20 
Soil test 1.70 2.50 7.60 43.50 44.70 
Use of animal manure 1.70 1.30 9.30 45.60 42.20 
Conservation tillage 1.70 1.70 8.90 45.10 42.60 
Integrated pest management 1.30 3.40 6.30 54.40 34.60 
Rotational grazing 2.10 3.40 5.90 52.30 36.30 
Recycling agricultural wastes 1.30 3.00 7.70 53.40 34.60 
Use of green manure 1.30 3.40 15.60 48.10 31.60 
Reduced tillage 1.30 5.90 11.00 57.60 24.20 
Reduced rates of herbicides 1.70 5.10 14.80 57.80 20.70 
Reduced use of fertilizers 2.50 3.40 18.60 52.70 22.80 
Insect resistant crops 1.70 6.40 21.20 46.20 24.60 
Fall seeded cover crop 1.30 6.80 18.60 52.30 21.20 
Reduced nitrogen fertilizer rates 2.10 5.50 23.40 49.40 19.60 
Mechanical weeding 1.70 11.80 22.80 44.70 19.00 
Use of low input livestock facilities 1.70 11.10 24.30 44.70 18.30 
Narrow strip intercropping 1.70 8.10 28.00 47.50 14.80 
Herbicide resistant crops 2.10 12.70 28.40 36.90 19.90 
Nitrogen application 2.10 12.10 36.70 36.30 12.70 
Row banding of herbicides 4.60 10.10 32.90 42.00 9.30 
Use of nitrification inhibitor 1.30 5.10 51.70 35.2 6.80 
Total 1.30 2.20 7.10 70.80 18.60 
Note: 1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly agree. 
The overall relative frequency of agriculture teachers for the agree and/or strongly agree 
response categories regarding selected sustainable agriculture practices was relatively high 
on average (89%). 
Extent to which Sustainable Agriculture Concepts are Taught 
Perceptions of agriculture teachers regarding the extent to which the teachers taught 
selected sustainable agriculture topics in the agriculture curriculum were determined. Means, 
standard deviations, percentages, Mests, and frequencies for the summated scale and 
individual subscale items were generated. Table 10 presents a summary of the results. 
The number of agriculture teachers with complete data analyzed for the summated 
scale regarding the extent to which selected topics were taught was 227. The overall mean 
score of teachers' regarding the extent to which teachers taught the selected sustainable 
agriculture topics was 3.16. The standard deviation for the scale was .74 and relatively 
greater than for the beliefs and agricultural practice subscales. The median score was 3.20 
and the mode was 3.00. The subscale scores were relatively dispersed and less normally 
distributed (McMillan & Schumacher, 2001) compared to the beliefs and practices subscales. 
The relatively low mean score for the subscale meant that although teachers may tend to 
agree with selected sustainable agriculture statements, they do not appear to teach very much 
about sustainable agriculture topics. The number of teachers who completed the 
questionnaires for individual items ranged from 235 to 237. Mean scores for the items ranged 
from 2.41 to 4.09. The standard deviation ranged from .93 to 1.26. 
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Table 10. Frequencies, means, and standard deviations for individual items regarding the 
extent to which teachers taught selected sustainable agriculture topics 
Sustainable Agriculture Topic *Ec/Ev/So n Mean SD 
Soil test Ec 237 4.10A 0.93 
Wildlife conservation Ev 237 3.77b 1.00 
Crop rotation Ev 237 3.70bc 1.02 
Food safety So 236 3 64bcd 1.05 
Water quality Ev 237 3.57bcd 1.01 
Use of animal manure Ec 237 3.51bcde 1.06 
Reduced tillage Ev 236 3.46cdef 1.13 
Integrated pest management Ec 237 3.45™ 1.08 
Renewable sources of energy Ev 236 3.43cdef 1.03 
Nitrogen application Ec 235 3.42def 1.07 
Insect resistant crops Ec 237 3.27™ 1.07 
Protection of wetlands Ev 236 3.27EFG 1.02 
Herbicide resistant crops Ec 237 3.25efg 1.15 
Rotational grazing Ev 236 3.20fgh 1.26 
Recycling agricultural wastes Ev 237 3.11™ 1.02 
Air pollution Ev 237 3.04™ 1.08 
Use of green manure Ev 237 0
 1 1.19 
Reduced rates of herbicides Ev 237 2.95™ 1.11 
Reduced nitrogen fertilizer rates Ec 235 2.81ijkl 1.10 
Mechanical weeding Ev 236 2 y^JKLM 1.09 
Use of low livestock input facilities Ev 237 2.71klm 1.09 
Fall seeded cover crop Ev 237 2.63,7LMN 1.13 
Row banding of herbicides Ec 236 2.5 lMN 1.07 
Narrow strip intercropping Ev 237 2.41n 1.12 
Use of nitrification inhibitor Ec 236 2.39n 1.13 
Total 227 3.16 0.74 
Note: *Ec=economic or Ev=environment or So= social dimension of sustainable agriculture; 
1 = none; 2 = low extent; 3 = moderate extent; 4 = high extent; 5 = very high extent; n = number 
completing questionnaire; SD = standard deviation; A'B'c"'- least squares means with the same letter 
are not significantly different (p> .05). 
The item means were separated into 14 ranks (a-n) with least squares mean difference 
among the ranked means being significant atp< .05. Most items were similarly rated by 
agriculture teachers. Generally, ranked items overlapped other mean ratings or ranks in lower 
or higher mean rank groups. The top nine ranked means in declining order were: (1) soil test; 
(2) wildlife conservation; (3) crop rotation; (4) food safety; (5) water quality; (6) use of 
animal manure, (7) reduced tillage; (8) integrated pest management and (9) renewable 
sources of energy. All the top mean ratings were not statistically significantly different from 
each other except the first and second mean ratings which were significantly different from 
each other and the rest of the top mean ratings. There was no statistically significant 
difference among the following mean ratings starting from the: second to the sixth, fourth to 
the tenth, seventh to the fourteenth, eleventh to the seventeenth, sixteenth to the nineteenth, 
nineteenth to the twenty-second, and twenty-second to the twenty-fifth. Clearly, the first 
mean rating was the highest statistically significantly rated mean and belonged in its own 
mean rating group. The overlaps among mean ratings are clearly illustrated in the narrative. 
The lowest ranked means in declining order were: (1) reduced nitrogen fertilizer rates; (2) 
mechanical weeding; (3) use of low input livestock facilities; (4) fall seeded cover crop; (5) 
row banding of herbicides; and (6) narrow strip intercropping and use of nitrification 
inhibitor. 
Agriculture teachers therefore taught only a few items at a relatively high extent. 
Most topics were taught to a moderate extent. Williams and Wise (1997) found agriculture 
teachers and students were willing to teach and learn to a greater extent agricultural practices 
that they perceived as sustainable practices when the practices would have social and 
environmental impacts. 
Many of the current study's topics had economic and environmental implications. 
Teachers generally taught topics emphasizing ecological, human well-being (social) or 
economic dimensions of sustainability. Earlier studies (Alonge & Martin, 1995; Gamon, 
Harrold & Creswell, 1994) mainly found teachers or educators taught about sustainable 
topics that were compatible with farm economics and not a social or environmental context. 
Williams (2000) and Williams and Wise (1997) found teachers in the NCR teaching 
sustainable topics with ecological and social dimensions of sustainable agriculture to a higher 
extent. 
A one-sample paired f-test analysis was performed to compare teachers' scores on 
perceptions about selected sustainable agriculture practices and the extent teachers taught 
sustainable agriculture for a pair of 19 selected sustainable agriculture practices and topics. A 
one- sample f-test is an analysis of means of the same group whose composition does not 
depend on chance on a variable of interest to research. A paired /-test statistic is an index 
indicating the extent to which the difference of the pair of means is statistically significant or 
not for the sample (Ary et al, 2002). There was a statistically significant difference (p< .05) 
between teachers' ratings on perceptions about sustainable agriculture practices and the 
extent teachers taught each of the 19 pairs of the selected sustainable agriculture practices 
and topics. The only exception was one item. Only nitrogen application practice/topic did not 
have a statistically significant difference between its mean score as a perceived sustainable 
agriculture practice and its mean score regarding the extent to which teachers taught it. The 
results are presented in Appendix E. 
Table 11 presents relative frequencies of agriculture teachers' response categories 
regarding the extent to which teachers taught selected sustainable agriculture topics. The 
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Table 11. Relative frequencies for individual items regarding the extent that teachers 
taught selected sustainable agriculture topics 
Sustainable Agriculture Topics Percent (°/ o) 
1 2 3 4 5 
Soil test 2.50 3.00 14.80 41.80 38.00 
Wildlife conservation 2.50 9.30 20.70 43.50 24.10 
Crop rotation 4.60 5.80 25.40 41.70 21.30 
Food safety 4.70 10.60 20.30 45.30 19.10 
Water quality 3.40 11.00 28.30 39.30 17.70 
Use of animal manure 5.50 10.10 29.50 37.60 17.30 
Reduced tillage 8.10 10.20 26.70 38.10 16.90 
Integrated pest management 5.90 12.70 27.10 39.00 15.30 
Renewable sources of energy 5.10 11.00 33.50 36.40 14.00 
Nitrogen application 7.20 8.10 34.50 35.30 14.90 
Insect resistant crops 7.60 13.50 33.8 34.60 10.50 
Protection of wet lands 7.20 13.10 33.10 39.00 7.60 
Herbicide resistant crops 10.10 12.70 32.10 32.10 13.10 
Rotational grazing 11.90 18.20 24.20 29.20 16.50 
Recycling agricultural wastes 7.20 19.80 33.80 32.90 6.30 
Air pollution 9.30 21.10 32.50 30.00 7.20 
Use of green manure 11.80 23.60 27.80 25.30 11.40 
Reduced rate of herbicides 13.50 18.10 32.90 30.40 5.10 
Reduced nitrogen fertilizer rates 14.00 23.40 36.20 20.40 6.00 
Mechanical weeding 14.40 28.00 31.40 21.60 4.70 
Use of low input livestock facilities 13.90 30.80 30.40 19.40 5.50 
Fall seeded cover crop 17.70 31.60 25.30 20.70 4.60 
Row banding of herbicides 20.30 30.50 29.70 16.90 2.50 
Use of nitrification inhibitor 26.70 28.40 29.20 11.00 4.70 
Narrow strip intercropping 24.10 33.80 22.40 16.50 3.40 
Total 4.40 16.30 43.20 31.70 4.40 
Note: 1 = none; 2 = low extent; 3 = moderate extent; 4 = high extent; 5 = very high extent. 
proportion of teachers teaching any individual topic exceeded 60% of the agriculture teachers 
only in four cases in the high and/or very high extent response categories. Only 10 of the 25 
sustainable agriculture topics were taught to a high extent and/or very high extent by at least 
50% of the agriculture teachers. Agriculture teachers had relative frequencies in the low 
extent and/or moderate extent response categories of at least 50% for 11 of the 25 items 
regarding the extent sustainable agriculture was taught. 
As shown in Table 11, items with the highest relative frequencies in declining order 
were: soil test (80%); wildlife conservation (68%); food safety (64%); crop rotation (63%); 
and water quality (57%). It is interesting to note that sustainable practices receiving public 
attention such as food safety and wildlife conservation (Williams, 2000), were rated 
relatively highly by the teachers in this study. Items with the least relative frequencies in 
declining order were: reduced nitrogen fertilizer rates (26%); mechanical weeding (26%); use 
of low livestock input facilities (25%); fall seeded cover crop (25%); narrow strip 
intercropping (20%); row banding of herbicides (19%); and use of nitrification inhibitor 
(16%). Generally, the items that had the highest or lowest relative frequencies for teachers' 
responses on high and/or very high extent response categories occurred for items that had the 
highest or lowest mean ranks respectively as already noted. 
Items with the highest relative frequencies in the low extent and/or moderate extent 
response categories for agriculture teachers in declining order were: use of low input 
livestock facilities (61%); row banding of herbicides (60%); reduced nitrogen fertilizer rates 
(60%); mechanical weeding (59%); use of nitrification inhibitor (58%); and fall seeded cover 
crop (57%). It is important to note that although use of nitrification inhibitor and row banding 
of herbicides are relatively less positively perceived as sustainable agricultural practices, still 
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relatively large proportions of the agriculture teachers in this study taught the topics in the 
agriculture curriculum to a low and/or moderate extent. 
Only 36% of the teachers indicated they taught all the items to a high extent and/or 
very high extent, suggesting teachers did not teach sustainable agriculture just because their 
beliefs may support sustainable agriculture practices. The discrepancy between teachers' 
relatively strong agreement with the statements supporting beliefs about sustainable 
agriculture, their perceptions about sustainable agricultural practices, and the extent to which 
teachers taught sustainable agriculture topics is evident from the above findings. Issues that 
constrain and enable inclusion of sustainable agriculture topics in teaching lend themselves to 
investigation because of this discrepancy. 
Extent of Use of Different Methods for Teaching Agriculture 
Perceptions of agriculture teachers regarding the extent to which teachers used 
different methods to teach selected agriculture topics in the agriculture curriculum were 
determined. Descriptive data analysis was performed for the summated and individual 
subscale items. Mean scores, standard deviations, percentages, and frequencies were 
generated. Table 12 presents the results. 
The number of agriculture teachers with complete data analyzed for the scale was 
233. The overall mean score for the summated scale for the extent to which teachers used a 
variety of teaching methods to teach selected sustainable agriculture topics was 3.05. The 
median and mode were 3.08 and 3.00, respectively. The standard deviation was .72. Since all 
the central tendency measures were nearly equal in magnitude at two significant decimal 
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Table 12. Frequencies, means, and standard deviations for the extent to which different 
methods are used in teaching agriculture 
Methods of Teaching n Mean SD 
Hands-on-learning 236 3.73* 1.20 
Group discussion 236 3.61^ 1.05 
Projects 236 3.43BC 1.18 
Demonstrations 235 3.33c 1.18 
Lectures 236 3.26™ 0.90 
Websites 237 3.26™ 1.18 
Video tapes 236 3.18™ 1.11 
Reading assignments 236 3.04™ 0.91 
One-on-one instruction 235 2.82EF 1.04 
Field-days 236 2.60fg 1.23 
Case studies 235 2.55™ 1.11 
Debates 236 2.40™ 1.12 
Workshops 236 2.32" 1.11 
Total 233 3.05 0.72 
Note: 1 = none; 2 = low extent; 3 = moderate extent; 4 = high extent; 5 = very high extent; n = 
number completing questionnaire; SD = standard deviation; A'B'c' " = least squares means with the 
same letter are not significantly different (p> .05). 
places, the subscale was relatively normally distributed similar to the beliefs and perception 
subscales. The above results also meant the majority of the respondents had scores relatively 
closer to the average score (Ary et al., 2002; McMillan & Schumacher, 2001). 
The number of agriculture teachers who completed data regarding the extent to which 
teachers used different methods to teach the selected agriculture topics ranged from 235 to 
237 for the individual items. Mean scores for the extent to which different methods were 
used in teaching agriculture ranged from 2.32 to 3.73 for individual methods. The standard 
deviation ranged from .90 to 1.23. Only two items had a mean of at least 3.50. 
The item means were separated into eight ranks (a-h) with least squares mean 
difference among the ranked means being significant at/? < .05. In general, mean ratings 
overlapped other mean ratings in lower or higher mean ranks. The 7 items with top mean 
ranks in declining order were: (1) hands-on-learning; (2) group discussion; (3) projects, (4) 
demonstrations; (5) lectures; (6) websites; and (7) videotapes. The first two mean rating 
items were not statistically significantly different from each other. The second and the third 
items were also not statistically significantly different. The following mean rating groups 
without statistically significant difference could be discerned from the: third to the seventh, 
fifth to the eighth, eighth to the ninth, ninth to the tenth, tenth to the twelfth, and eleventh to 
the thirteenth mean ratings. All the items overlapped in mean rating with at least one other 
mean rating. 
The four subscale items with the least means in declining order were: (1) one-on-one 
instruction; (2) field-days; (3) case studies and debates; and (4) workshops. Only 2 of the 
methods, hands-on-learning and group discussion, had mean scores of at least 3.50 and were 
applied to teach sustainable agriculture by agriculture teachers to a high and/or very high 
extent. The teachers appeared to prefer these methods to the rest of the methods. Generally, 
agriculture teachers used the remainder of the eleven methods to a low extent and/or 
moderate extent only. 
Table 13 presents relative frequencies for response categories regarding the extent to 
which teachers used different teaching methods to teach selected sustainable agriculture 
topics. As expected of a subject requiring practical teaching methods such as sustainable 
agriculture (Feldman, 1999), agriculture teachers had relatively high frequencies in the low 
extent and/or moderate extent categories for using lectures (56%), one-on-one instruction 
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Table 13. Relative frequencies for individual items regarding different teaching methods 
Methods of Teaching Percent (% 
1 2 3 4 5 
Hands-on-learning 7.20 7.60 22.00 30.90 32.20 
Group discussion 5.50 6.80 28.40 39.40 19.90 
Projects 7.60 14.80 23.70 34.30 19.50 
Demonstrations 8.90 14.90 26.40 33.20 16.60 
Lectures 3.00 15.70 40.30 34.70 6.30 
Websites 10.60 14.40 27.10 34.60 13.60 
Video tapes 8.90 16.50 33.10 30.90 10.60 
Reading assignments 6.40 16.50 48.30 24.60 4.20 
One-on-one instruction 8.90 33.20 28.50 25.10 4.30 
Field-days 24.20 25.00 25.00 19.50 6.40 
Case studies 20.00 29.40 30.20 16.20 4.30 
Debates 25.80 28.80 28.80 12.70 3.80 
Workshops 28.00 31.40 25.40 11.40 3.80 
Total 6.90 18.90 49.30 23.20 1.70 
Note: 1 = none; 2 = low extent; 3 = moderate extent; 4 = high extent; 5 = very high extent. 
(62%), and reading assignments (65%). Many teachers used traditional teaching methods 
(Dewey, 1938) such as listed above to teach sustainable agriculture topics. 
The experiential teaching methods with relatively high frequencies in the low and/or 
moderate extent response categories were: workshops (57%), debates (58%), and case studies 
(60%). This meant that a relatively large proportion of the teachers used these experiential 
teaching methods to a less extent to teach agriculture. The only experiential teaching methods 
teachers had a relative frequency of at least 50% for each method on the moderate and/or 
high response categories were projects (54%), group discussion (59%), and hands-on-
learning (63%). Teachers mainly used three teaching methods, indicating their agreement 
with statements supporting beliefs about sustainable agriculture did not contribute to their use 
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of a variety of teaching methods. Overall, only 25% of the teachers used different teaching 
methods to a high and/or very high extent, indicating again that teachers did not use to a 
relatively high extent different teaching methods to facilitate student learning about the 
selected agriculture topics. 
Relationship between Beliefs and Perceptions about Sustainable Agriculture 
Bivariate correlation analysis was performed between agriculture teachers' beliefs 
about sustainable agriculture practice and teachers' perceptions of selected sustainable 
agriculture practices. Both the summated and individual item measures of teachers' 
perceptions about sustainable agriculture were used in the correlation analysis. Bivariate 
correlation analysis was also performed between beliefs about sustainable agriculture and 
nine extraneous variables: state, gender, undergraduate major, level of education, the number 
of years teachers taught agriculture, the number of years teachers lived full or part- time on 
the farm, and the number of years teachers worked full or part-time on the farm. The 
demographics were considered as extraneous variables with potential effects on the 
relationship between beliefs about sustainable agriculture and other research variables. The 
potential effects of the extraneous variables were identified for control in appropriate 
relationships (McCracken, 1991; Nazri & Barrick, 1990) mentioned above. Demographic 
variables were correlated as interval or categorical data. 
Table 14 presents the results. Overall, there was an association between teachers' 
agreement with belief statements about sustainable agriculture and their perceptions about 
selected sustainable agriculture practices. The association was positive and had a substantial 
magnitude (Davis, 1971). The association was significant at/><01. This meant there was a 
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Table 14. Relationships between agriculture teachers' beliefs about sustainable agriculture, 
and perceptions of sustainable agriculture practices and independent variables 
Variable n Association 
Perceptions of Sustainable Agricultural Practices 217 '0.58** 
Gender 236 b0.12 
State 236 '0.27 
Undergraduate major 239 '0.11 
Levels of education 231 '0.00 
Number of years agriculture taught 231 "0.14 
Years lived full-time on the farm 226 '0.11 
Years lived part-time on the farm 226 '0.10 
Years worked full-time on the farm 226 '0.06 
Years worked part-time on the farm 226 '0.05 
Rotational grazing 228 "0.56** 
Narrow strip intercropping 227 '0.36** 
Fall seeded cover crop 227 '0.40** 
Use of low livestock Input facilities 226 '0.37** 
Row banding of herbicides 228 '0.24** 
Integrated pest management 228 '0.46** 
Soil test 228 '0.43** 
Nitrogen application 228 '0.21** 
Use of green manure 228 '0.44** 
Mechanical weeding 228 '0.28** 
Reduced rates of herbicides 228 '0.39** 
Reduced nitrogen fertilizer rates 226 '0.36** 
Use of nitrification inhibitor 227 '0.20** 
Reduced tillage 227 '0.31** 
Recycling agricultural wastes 225 '0.48** 
Insect resistant crops 227 '0.22** 
Crop rotation 227 '0.56** 
Reduced use of fertilizers 228 '0.35** 
Use of animal manure 228 '0.45** 
Conservation tillage 228 '0.47** 
Herbicide resistant crops 227 %.58* 
Note: n = number completing questionnaire, a= Pearson correlation coefficient; b= Point-biserial 
correlation coefficent;c = Multiple correlation coefficient; * = correlation significant (p< .05); ** = 
correlation significant (p< .01). 
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positive linear relationship between agriculture teachers' beliefs regarding sustainable 
agriculture and teachers' perceptions about the selected sustainable agriculture practices. The 
stronger the teacher beliefs were about sustainable agriculture, the stronger the perceptions 
were regarding the selected sustainable agriculture practices. The converse also appeared to 
be true. The magnitudes of the associations between teachers' beliefs regarding sustainable 
agriculture and perceptions of individual sustainable agriculture practices ranged from .05 to 
.58 and were positive. 
The magnitudes of the associations therefore ranged from negligible to substantial for 
most of the associations as would be expected for relationships between global and specific 
attitudinal measures (Beus & Dunlap, 1991; Fishbein & Ajzen, 2003). The individual 
sustainable agriculture practices with the highest magnitudes of associations with teachers' 
beliefs about sustainable agriculture were: integrated pest management (.46); conservation 
tillage (.47); rotational grazing (.47); recycling agricultural wastes (.48); and crop rotation 
(.56). 
The negligible to substantial and positive associations of independent variables and 
teachers' sustainable agriculture beliefs meant that attainment of such variables, such as 
living full-time for over 30 years on the farm, relatively increased teachers' sustainable 
agriculture beliefs among agriculture teachers experiencing such variables than those not 
experiencing the variables. Associations which are significant at p< .05 would be expected to 
occur systematically and not randomly (Davis, 1971) between teachers' beliefs and the 
relevant extraneous variables. Overall, the substantial association between the perceptions 
about sustainable agriculture and beliefs means perceptions would not influence the 
relationship between teachers' beliefs about sustainable agriculture and the research 
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variables. An extraneous variable can only influence the relationship between independent 
variables and an independent variable when the association between them is high or at least 
.70 (Davis, 1971). 
Relationship between Beliefs about Sustainable Agriculture and the Extent 
to which selected Sustainable Agriculture topics are Taught 
Bivariate correlation analysis was performed between teachers' beliefs about 
sustainable agriculture and teachers' perceptions regarding the extent to which the teachers 
taught selected sustainable agriculture topics in the agriculture curriculum. Both the 
summated and individual item measures of teachers' perceptions about sustainable 
agriculture were used in the correlation analysis. Table 15 presents the results for the Pearson 
correlation coefficients between teacher beliefs about sustainable agriculture and the extent 
of teaching sustainable topics. There was an association between teachers' sustainable 
agriculture beliefs and the summated measure regarding the extent to which teachers taught 
the selected sustainable agriculture topics. The association was positive, negligible in 
magnitude and not significant atp<.05. There is a linear relationship between teachers' 
beliefs about sustainable agriculture and the extent to which teachers' teach sustainable 
agriculture. Overall, this meant that agriculture teachers may believe in sustainable 
agriculture but this is not related to the extent to which they teach about it. The associations 
between teachers' beliefs about sustainable agriculture and individual perceptions regarding 
the extent to which topics were taught were positive except for the following topics: narrow 
strip intercropping, row banding of herbicides, integrated pest management, insect resistant 
crops and mechanical weeding. 
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Table 15. Relationship between teachers' beliefs about sustainable agriculture and 
perceptions of the extent to which teachers taught selected sustainable agriculture 
topics 
Variable n Association 
All sustainable topics 219 0.06 
Water quality 228 0.14* 
Recycling Agricultural Wastes 228 0.06 
Food safety 227 0.07* 
Protection of wetlands 227 0.05 
Renewable Sources of Energy 227 0.13* 
Wildlife Conservation 228 0.21** 
Air pollution 228 0.05 
Rotational grazing 227 0.06 
Narrow strip intercropping 228 -0.01 
Fall seeded cover crop 228 0.06 
Use of low input livestock facilities 228 0.05 
Row banding of herbicides 227 -0.04 
Integrated pest management 227 -0.04 
Soil test 228 0.15* 
Nitrogen application 226 0.02 
Insect resistant crops 228 -0.05 
Mechanical weeding 227 -0.05 
Reduced rates of herbicides 228 -0.04 
Reduced nitrogen fertilizer rates 226 -0.00 
Use of nitrification inhibitor 227 -0.06 
Reduced tillage 228 0.06 
Use of green manure 228 0.04 
Herbicide resistant Crops 228 0.00 
Crop rotation 228 0.10 
Use of animal manure 228 0.12 
Note: n = number completing questionnaire; * = correlation significant (p< .05). 
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The magnitudes of the correlation coefficients between teachers' beliefs about 
sustainable agriculture and individual items ranged from .02 to .20 for positive associations 
and from -.06 to -.01 for the negative associations. The magnitudes of the associations ranged 
from negligible to low. 
The only sustainable agriculture topics with associations significant at p< .05 for the 
relationship between teachers' sustainable agriculture beliefs and the extent to which teachers 
taught sustainable agriculture were: renewable sources of energy, soil test, wildlife 
conservation, food safety, and water quality. Wildlife conservation had a significant 
association at p< .01. This meant that on average, when teachers had a more positive belief 
about sustainable agriculture, they tended to teach wildlife conservation to a higher extent. 
In general, relatively low overall association with the beliefs meant that even though teachers 
may support beliefs about sustainable agriculture, this does not mean they will teach very 
much about the topics identified in this study. 
Relationship between Beliefs about Sustainable Agriculture 
and the Extent of Use of Different Teaching Methods 
Bivariate correlation analysis was performed between teachers' sustainable 
agriculture beliefs and teachers' perceptions regarding the extent to which teachers used 
different teaching methods to teach the selected sustainable agriculture topics. Both the 
summated and individual item perception measures were used in the correlation analysis. 
Table 16 presents the results. 
There was an association between teachers' beliefs regarding sustainable agriculture 
practice and the extent to which teachers used different teaching methods to teach selected 
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Table 16. Relationship between teachers' beliefs about sustainable agriculture and the 
extent to which teachers used different teaching methods 
Teaching Method n Association 
All methods 229 0.12 
Hands-on-learning 229 0.10 
Group discussion 229 0.12 
Projects 229 0.04 
Demonstrations 228 0.02 
Lectures 229 0.13 
Websites 229 0.11 
Video tapes 229 0.00 
Reading assignments 229 0.16* 
One-on-one instruction 228 0.17* 
Field-days 229 -0.01 
Case studies 228 0.10 
Debates 229 0.14* 
Workshops 229 0.03 
Note: n = number completing questionnaire; * = correlation significant (p<.05). 
sustainable agriculture topics. The association was positive and the Pearson correlation 
coefficient had a low magnitude (r = .12). The association was not significant atp< .05. 
There was a linear relationship between teachers' beliefs and the extent to which teachers use 
different teaching methods to teach selected sustainable agriculture topics. Overall, this 
meant that agriculture teachers' beliefs about sustainable agriculture did not influence the 
extent they used the different teaching methods to teach selected sustainable agriculture 
topics. 
Moreover, there were associations between teachers' sustainable agriculture beliefs 
and the extent teachers used individual methods to teach agriculture topics (Table 16). The 
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magnitude of the Pearson correlation coefficients (r) for the positive associations ranged 
from .00 to .17, and there was a negative coefficient of -.01. The magnitudes of the 
associations ranged from negligible to low. In general, this meant that agriculture teachers 
who, on average, agreed to the belief statements about sustainable agriculture were not 
influenced by their beliefs to use individual teaching methods to teach agriculture topics. The 
only teaching method with a negative association with teachers' beliefs about sustainable 
agriculture was field-days. The only teaching methods that had associations significant at 
p<.05 with the teachers' sustainable agriculture beliefs were: one-on-one-instruction, reading 
assignments, and debates. 
Proportion of Variance Explained by Beliefs about Sustainable Agriculture 
A General Linear Model (GLM) regression was applied to estimate the proportion of 
variance of teacher beliefs about sustainable agriculture explained regarding the extent to 
which teachers teach sustainable agriculture topics, taking into account other (extraneous 
variables) shown in Tables 14 and 17 that were postulated to affect both beliefs about 
sustainable agriculture and the extent to which teachers taught sustainable agriculture. 
Correlations among these independent variables (multi-collinearity) with beliefs about 
sustainable agriculture shows negligible to substantial associations (Davis, 1971) (Table 14). 
Correlations among the above independent variables and their correlations with the 
extent to which teachers taught selected sustainable agriculture topics were evaluated by 
fitting an initial GLM regression model among the variables. The model estimated the effects 
of these 
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Table 17. Linear regression of the extent teachers teach sustainable agriculture topics on 
the independent variables (N- 194) 
Source of Variation DF SS MS R2 Significance 
Model 31 55.91 1.64 <0.001*** 
Years agriculture taught 3 1.91 0.64 0.02 0.10 
Years lived full-time on farm 3 0.50 0.17 0.00 0.66 
Years lived part-time on farm 2 0.19 0.93 0.00 0.74 
Years worked full-time on farm 2 0.12 0.56 0.00 0.83 
Years worked part-time on farm 2 0.04 0.02 0.00 0.94 
Gender 1 0.08 0.08 0.00 0.62 
Undergraduate major 6 1.64 0.27 0.00 0.50 
Level of education 1 0.01 0.01 0.00 0.87 
State 11 3.67 0.33 0.04 0.37 
Beliefs about SA 1 0.08 0.08 0.00 0.60 
Perceptions about SA 1 0.51 0.51 0.00 0.20 
Teaching methods 1 24.94 24.94 23.81 <0.001*** 
Error 160 48.88 0.30 
Total 194 104.75 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = mean 
square; *** = F-statistic significant (p < .001); R2 model = 0.53; R2 Adjusted = .43. 
extraneous variables, with Type I ( a) error level set a priori at .05. Evaluation of the R2 
value, which shows the proportion of variance of a dependent variable explained by 
independent variables, and the adjusted R2 value, which corrects R2 for the bias of the 
sample, indicated there was no high correlation between the independent variables and 
beliefs and/or the extent of teaching sustainable agriculture (Table 17) (Shelley, 2006, 
personal communication). Only the teaching method, was significantly contributing to the 
variance in the dependent variable. However, occurrence of the relatively large number of 
independent variables in a regression model that do not contribute any variance in 
explanation of the dependent variable is not recommended for a best fitted model 
(Mendenhall & Sincich, 1996). Independent variables were removed from the model starting 
with the one with the highest level of significance value. The GLM regression model was 
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fitted with the remaining variables each time a variable was deleted from the model. This was 
repeated until only significant variables—the extent teachers use different teaching methods, 
years teachers taught agriculture and perceptions about sustainable agriculture practices— 
remained in the final best fitted model (Table 18). 
The extent to which teachers used different teaching methods to teach selected 
sustainable agriculture topics explained 37% of the variance regarding the extent teachers 
taught sustainable agriculture topics at a significant level (p< .001)(Table 18). Years teachers 
taught agriculture and teacher perceptions about sustainable agriculture practices, 
respectively, explained 4% and 1% of the variance regarding the extent to which teachers 
taught selected sustainable agriculture topics holding other variables constant in each case. 
Beliefs about sustainable agriculture practice and all the other variables contributed no 
significant variance explaining the extent to which teachers taught sustainable agriculture 
topics. 
Table 18. Linear regression of the extent teachers teach sustainable agriculture on the 
independent variables (N= 214) 
Source of Variation DF SS MS R2 
Significance 
(one-tailed test) 
Model 5 52.81 10.56 <0.001*** 
Years agriculture taught 3 4.96 1.65 0.04 <0.001*** 
Perceptions about SA 1 0.88 0.88 0.01 0.04* 
Teaching methods 1 42.42 42.42 0.37 <0.001*** 
Error 208 61.79 0.30 
Total 213 114.61 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = mean 
square; * = F-statistic significant (p < .05); *** = F-statistic significant (p < .001); R2 model = 0.46; 
R2 Adjusted = 0.45. 
There is no linear relationship between beliefs about sustainable agriculture practice 
and the extent to which teachers teach sustainable agriculture topics. However, there is a 
linear relationship between each of the three variables with significant contribution to the 
variance and the extent teachers teach sustainable agriculture topics (Table 18). Teachers' 
beliefs about sustainable agriculture did not influence the extent to which teachers taught 
sustainable agriculture. Generally, perceptions about sustainable agriculture practices have 
marginal contributions to the variance regarding the extent teachers teach sustainable topics. 
No studies have been undertaken regarding a relationship between teacher beliefs about 
sustainable agriculture and the extent to which teachers teach sustainable agriculture topics. 
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CHAPTER 5. DISCUSSION OF FINDINGS 
The purpose of this study was to determine agriculture teachers' beliefs about 
sustainable agriculture practice and their relationship to the extent to which teachers teach 
sustainable agriculture topics in the agriculture curriculum. Discussion in this section relates 
past studies and literature to the specific findings, and provides conclusions by framing 
findings from the conceptual framework adopted for the study. The target population 
consisted of 2,904 agriculture teachers in the NCR. A stratified random sample of 844 
agriculture teachers was drawn for the study based on the twelve states of: Illinois, 
Wisconsin, Iowa, Nebraska, Missouri, Minnesota, Michigan, Indiana, Ohio, Kansas, South 
Dakota, and North Dakota. This ensured a stratified random sampling of teachers in the 
twelve states. 
Demographic Data 
The means of the number of years agriculture teachers had taught the agriculture 
curriculum, lived full or part-time on the farm, and worked full or part-time on the farm 
revealed that teachers had relatively long teaching and farm background experiences on 
average. However, given that the above six variables had modal values of 0 or 5 that were 
relatively different from the mean and median values, the means did not reflect typical values 
for the greater part of the teacher population. Although modal values for the demographics 
can be assumed to reflect statistically typical values for the demographic variables, the values 
did not actually represent the demographic values for most teachers. This is evident from the 
fact that only 20% of the teachers had taught agriculture for 5 years compared to 80% with 
teaching experience of 6 years or more (Table 4). Teachers who lived full-time on the farm, 
or worked part-time on the farm for 0 years constituted respectively, only 30% and 31% of 
the teachers compared to 70% and 69% of the teachers, respectively, who had lived full-time 
or worked part-time on the farm for 1 year or more. Only three demographics namely, years 
lived part-time on the farm, years worked full-time on the farm and highest level of education 
had modal values with a relatively high distribution of teachers of 50% in each case. 
The relatively different distribution of teacher numbers among the categories formed 
for the demographic variables, such as the number of years agriculture was taught and the 
number of years teachers lived or worked full-time on the farm, did not appear to contribute 
statistical differences on the four research variables due to the demographic variables. The 
reason might be attributed to fact that the numbers of respondents involved in the distribution 
classes were relatively high in all cases (Appendix E). 
The lack of differences among the mean scores in beliefs and perceptions about 
sustainable practice due to any differences among the teachers on the demographic variables 
reflect (Appendix E) the fact that beliefs about sustainable agriculture have societal origins 
which are bome out of individuals sharing social values with reference groups (Beus & 
Dunlap, 1990). Other researchers' findings support findings in this study (Koralalage, 2001). 
Other researchers found some demographics and, especially, farm background to have 
influence on perceptions about sustainable agriculture (Okeafor, 2002). This result can be 
explained from the specificity of perceptions and the tendency of demographics to influence 
it relatively easily more than they would influence beliefs which are broader in scope and 
more stable. 
The differences in the extent of teaching sustainable agriculture due to gender, years 
lived full or part-time on the farm, years agriculture was taught, and years worked full or 
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part-time on the farm (Appendix E), indicated that beliefs about sustainable agriculture did 
not lead to an increase in the extent to which selected topics are taught except in relation to 
gender. Similar findings have been made by Okeafor (2002) and Koralalge (2001). Given 
that gender influenced mean scores on teacher beliefs about sustainable agriculture and the 
extent to which sustainable agriculture was taught, it is possible that the overall mean score 
on beliefs about sustainable agriculture may be influenced by gender composition of the 
target population. These results generally concur with the prediction that contexts such as 
gender can lead to differences in individual practices such as teaching about sustainable 
agriculture (Chiappe & Flora, 1998; Peter, Bell, Jamagin, & Bauer, 2000). Comparable 
findings involving relationships among demographic variables, perceptions and teaching or 
use of knowledge about sustainable agriculture have been reported for agricultural extension 
educators and agriculture teachers (Conner & Kolodinsky, 1997; Koralalage, 2001; Okeafor, 
2002). 
Beliefs about Sustainable Agriculture 
A majority of the teachers supported a sustainable agriculture philosophy. A few 
studies on beliefs about sustainable agriculture have generally concurred with the findings in 
this study. The studies involved university faculty and farmers (Beus & Dunlap, 1992), 
agriculture teachers (Agbaje, Martin, & Williams, 2001; Okeafor, 2002; Straquadine, 1997; 
Udoto & Flowers, 2001), and agricultural extension educators (Agunga, 1995; Conner & 
Kolodinsky, 1997). Only the latter group of studies and Agbaje et al. (2001) focused on 
attitudes or beliefs about sustainable agriculture. All the studies found agriculture teachers or 
educators generally agreed to statements supporting beliefs or perceptions about sustainable 
agriculture practice except Agbaje et al., who found agriculture teachers were neutral about 
their general beliefs regarding sustainable agriculture practice. Use of perceptions or attitudes 
for the measurement of beliefs about sustainable agriculture is acceptable because 
perceptions are related to attitudes. In addition, a set of attitudes make up a belief (Fishbein 
& Ajzen, 2003). There is therefore an expected relationship among beliefs, attitudes and 
perceptions in this study (Augoustinos & Walker, 1995). 
Some possible causes of the differences in the proportions of agriculture teachers or 
agricultural extension educators that agree or disagree with statements supporting beliefs 
about sustainable agriculture can be suggested. First, the scales used for measuring the 
variable have differed among the studies. These were yes/no and Likert-type scales. Use of 
these types of scales can cause a difference in measurement of the same variable (Ary et al, 
2002). Second, some studies used adoption of sustainable agriculture practice and not 
perceptions about sustainable agriculture (Alonge et al., 1995; Gamon et al., 1994; Salamon 
et al., 1997). Third, some studies (Agunga, 1995) used only a few or some and not all of the 
six elements that Beus and Dunlap (1990) analyzed as constituting the major differences 
emphasizing each of the two paradigms in U.S.A. agriculture. Since Beus and Dunlap 
indicated that different components of the ACAP scale can be successfully used to determine 
individuals' sustainable agriculture beliefs, the measurement of agriculture teachers' beliefs 
about sustainable agriculture documented in this study is relatively accurate and valid. 
The ranking of the means of statements supporting beliefs about sustainable 
agriculture has shown that the statements with means ranking at the top that teachers agreed 
to, are comprised of practices that members of the society agree to be sustainable agriculture 
practices with relatively less contention. The converse also appears to be true. The above 
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information confirms the different emphasis about sustainable agriculture practices that 
different segments of the society focus on as sustainable agriculture or not (Beus & Dunlap, 
1990; Mc Isaac, 1996; Keeney, 1989). This finding concurs with findings of other studies. 
Traditional sustainable agriculture practices or practices that have been known by farmers 
and used from time immemorial before the debates about sustainable agriculture came into 
being were featured prominently in statements with top ranking means (Agunga, 1995; 
Conner & Kolodinsky, 1997). 
The ranking of 20 statement means into only 9 mean squares difference ranks 
indicated that many of the statements measured the same thing and were complimentary in 
measuring beliefs about sustainable agriculture. The occurrence of only one mean rating with 
a statistically significant different mean from all the other mean ratings indicates teachers' 
ratings of the sustainable agriculture practices overlap a great deal. This result partly suggests 
that the six elements (centralization, independence, community, harmony with nature, 
diversity, restraint) of sustainable agriculture used to make distinctions between supporters 
and non-supporters of sustainable agriculture are related (Chiappe & Flora, 1998). 
Emphasis by teachers on the ecological and social dimensions of sustainable 
agriculture in the belief statements about sustainable agriculture indicates that agricultural 
education could be used to impart in students the knowledge and skills about sustainable 
agriculture from social, economic and ecological system perspectives (Williams & Dolliso, 
1998). This emphasis of ecological and social dimensions of sustainable agriculture by the 
teachers would be expected to help integrate knowledge for relevant solutions and adequately 
address the challenges in the agriculture sector. The absence of any established differences in 
the means of teacher beliefs about sustainable agriculture due to any differences among 
teachers because of demographic differences rules out the demographic variables as 
extraneous variables in the relationship between beliefs and the extent to which selected 
topics are taught that was tested in this study (Appendix E). Because only gender influenced 
teacher beliefs about sustainable agriculture and can, therefore, influence the emphasis a 
person puts on a practice for sustainability, the mean scores for individual items on beliefs 
about sustainable agriculture may vary because of the dominance of the male gender in the 
teacher population (Hassanein, 1999; Kloppenburg, Henrickson, & Stevenson, 1996; Peter et 
al., 2000). 
From a social reconstruction theoretical perspective, when teachers have recognized a 
need for addressing a major issue impacting the society like most other members of that 
society, teachers develop a common perspective for societal intervention on the problem. 
Teachers would then acquire social values conducive to solving the pressing issue because of 
sharing the same norms with reference group members of the society. This would be 
expected to occur in the case of sustainable agriculture because of the public concerns and 
discourses that have occurred regarding a need for solutions to the critical problems in the 
agriculture sector. Moreover, teachers are also involved with educational programs about 
sustainable agriculture. Societal members who subscribe to a social reconstruction 
curriculum theory value social group learning and using teaching methods that are adapted to 
the specific contexts of the problem for learning (Dewey, 1938; McLeod, 2005; Tam, 2000). 
This study has determined that teachers for sustainable agriculture indeed acquired beliefs 
supporting sustainable agriculture practice. Because of the beliefs of agriculture teachers in 
this study about sustainable agriculture, they are expected to have values promoting the 
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teaching of sustainable agriculture and are expected to provide teaching-learning processes 
that are context specific to help students act on the critical social problems in the agriculture. 
Perceptions of Agricultural Practices 
The relatively high mean scores for the sustainable agriculture practices meant that 
teachers were in overall agreement with statements supporting positive perceptions about the 
selected sustainable agriculture practices. The overall agreement about sustainable 
agriculture and the fact that the top four mean ratings comprised of sustainable agriculture 
practices that emphasized ecological and social dimensions of sustainable agriculture practice 
contradict results from past studies about the perceptions of agriculture teachers and farmers 
about sustainable practices. Perceptions of the foregoing mainly emphasized economic 
dimensions (Agbaje et al., 2001; Gamon, Harrold, & Creswell, 1994). However, results from 
other studies support the findings of this study (Williams, 2000). 
Studies on science teachers' perceptions regarding agriscience also partly support 
these findings (Balschweid & Thompson, 2002; Warnick, Thompson, & Gummer, 2004). 
The absence of any mean rating with a significantly different mean rank from other mean 
ratings indicates teachers' ratings of the sustainable agriculture practices overlap a great deal. 
Teachers generally see practices to be closely related even when they rate them differently. 
This may signal teachers' awareness of the interrelationships among the different sustainable 
agriculture practices. 
Individuals are expected to evaluate specific objects of perception (agricultural 
practices) better than they would do to a more general or global object (Augoustinos & 
Walker, 1995; Fishbein & Ajzen, 2003) such as sustainable agriculture practice. The 
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relatively high mean scores for the sustainable agriculture practices subscale compared to the 
beliefs subscale is therefore expected. Variations in the specificity of the scale items, the 
elements of sustainable agriculture beliefs emphasized and the type of scale used can explain 
variations in the results of other perception studies already mentioned (Beus & Dunlap, 
1991). 
The overall agreement of teachers with statements supporting perceptions about 
sustainable agriculture practices meant that teachers also supported beliefs about sustainable 
agriculture. This is because beliefs, attitudes and perceptions are related. This result also 
implies that teachers may be expected to infuse sustainable agriculture topics in the 
agriculture curriculum because of their apparent perceptions which are supporting 
sustainability. 
Since some teachers indicated they did not agree with selected sustainable agriculture 
practices (21%) (Table 8), there might be a dichotomous division among agriculture teachers 
in the teacher population regarding their responses to selected sustainable practices. Earlier 
studies established such a division regarding teachers who agree and disagree with selected 
sustainable agriculture practices (Conner & Kolodinsky, 1997). Such a division may occur in 
teacher populations naturally as it occurs among society members (Beus & Dunlap, 1990). 
The existence of a dichotomous division among teachers regarding selected sustainable 
practices may hold clues to possible differences among teachers with respect to their possible 
teaching practices or the predisposition to use a variety of teaching methods. Overall, 
agriculture teachers' perceptions about the selected sustainable agriculture practices did not 
support social reconstruction curriculum theory. 
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Extent to which Sustainable Agriculture Concepts are Taught 
The overall mean score of 3.16 on the subscale (Appendix C) for the extent to which 
teachers teach selected sustainable agriculture topics meant that although teachers in this 
study generally agreed to statements supporting perceptions about sustainable agriculture 
practices, these teachers taught about sustainable agriculture only moderately (Table 10). 
This overall mean was among the lowest of all the other subscales. Past studies have had 
similar findings (Agbaje et al., 2001; Okeafor 2002). 
Teachers taught to a relatively high extent topics they highly perceived as sustainable 
agriculture practices such as wildlife conservation, crop rotation, food safety and water 
quality. Agriculture teachers and students have perceived such topics to have potential for 
impacting sustainable agriculture practice (Williams, 2000). The converse also appeared to 
be true. Other studies found teachers only taught sustainable topics that were adopted by 
farmers and, therefore, were compatible with the economic contexts on farms (Agbaje et al., 
2001; Gamon et al., 1994). 
Fretz (1991) concluded that teaching topics such as wildlife conservation, soil 
conservation, recycling of agricultural wastes and water quality would address the 
environmental crises facing the conventional agricultural systems in the U.S.A. These are the 
topics that agriculture teachers in the NCR are currently teaching to a high extent. If it is not 
for the relatively low extent teachers teach the topics, the societal need to use agricultural 
education to impact challenges in the agriculture industry could be realized in a relatively 
short term. This result requires cautious interpretation because the guidelines used in arriving 
at this finding provides for different positions involved in supporting or not supporting 
sustainable agriculture practice. Classification of a practice into a dimension category may 
depend on the context and goals of the individual involved in this process. However, the 
finding that agriculture teachers overlapped in their ratings of the sustainable agriculture 
topics/practices is a source of good news in that many topics are seen to be interrelated and if 
constraints to their teaching can be overcome, then the role of sustainable agriculture in 
agriculture curriculum can be enhanced. 
Biotechnology-oriented topics such as insect resistant crops were taught to a 
relatively moderate extent contrary to expectation regarding information from the literature 
that has pointed out problems of risk perceptions of farmers in adoption of the technologies. 
Insights on why teaching of the topics is not wide-spread need to be understood beyond the 
reasons of risk perceptions. 
The statistically significant differences between the extent teachers agreed with 
perceptions about the 19 selected sustainable agriculture practices and the extent teachers 
taught the selected sustainable agriculture topics (Appendix E) suggest that agreeing with 
selected sustainable agriculture practices does not influence the extent to which teachers 
teach about the selected topics. The finding that teacher agreement with selected practices 
explained a proportion of variance in the extent selected sustainable topics were taught 
already reported in this study indicates that agreeing with selected practices may influence 
the extent to which one teaches selected topics. The finding that teachers' agreement with 
selected sustainable agriculture practices has no bearing with the extent of teaching selected 
topics appears to contradict conclusions by Agunga (1995) and Conner and Kolodinsky 
(1997), that agricultural extension educators will not teach about sustainable agriculture 
when they have attitudes not supporting beliefs about sustainable agriculture. Agreeing to 
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selected sustainable practices by agriculture teachers may or may not influence the extent to 
which teachers teach about selected sustainable agriculture topics. 
The two statistically significant findings regarding teacher agreement with the 
selected sustainable practices and the extent to which the selected topics are taught, on the 
one hand, and teacher agreement with the selected practices and explanation of a proportion 
of variance in the extent to which topics are taught, on the other hand, are contradictory. 
First, if topics were relatively highly perceived by teachers, the same topics should have been 
taught to a relatively high extent by the teachers. If this were the case, then there should be 
no statistically significant differences on the perceptions and the extent to which pairs of 
sustainable agriculture practices/topics are taught (Appendix E). Second, the level of 
confidence for the finding on explanation of a proportion of variance in the extent of teaching 
was marginal at .04, indicating more data are required before this finding can be supported 
further. 
Nitrogen application was the only topic that did not have a significant difference on 
the extent teachers perceived it as a sustainable practice and the extent teachers taught it. This 
indicates the topic is perceived as a very basic and an indispensable sustainable practice 
which is perceived by teachers relatively similarly to the same extent as it is taught. 
Gender, the number of years teachers lived full or part-time on the farm, and the 
number of years teachers worked full or part-time on the farm influenced the extent teachers 
taught about sustainable agriculture (Appendix E). These variables did not have an influence 
on teacher beliefs or perceptions about sustainable agriculture practice and would not be 
expected to influence their relationship (McCracken, 1991) regarding the extent to which 
sustainable agriculture is taught. 
However, there may be a possibility that other attitudes or demographic variables not 
known to the researcher might have direct or indirect influences on the relationship between 
beliefs and the dependent variables (Fishbein & Ajzen, 2003) of extent of teaching 
sustainable agriculture topics or teaching methods. The extraneous variables can influence 
negatively the relationship between the two above variables. The influence of the 
demographic variables on the extent teachers teach sustainable agriculture can be integrated 
practically into teacher training and professional development programs. Teacher segments 
that can benefit each other from the programs on teaching knowledge and skills can be 
combined according to their demographic categories. 
By teaching very little about sustainable agriculture, teachers are not modeling their 
teaching behavior on a social reconstruction curriculum model according to the expectation 
of society that the practice is an innovation. As expected of any new technology, adoption of 
sustainable agriculture practice cannot be obvious for everyone in the society. Institutional 
and logistical supports are usually necessary for adoption of new technology (Rodgers, 1995; 
Roling, 1992). For example, lack of curriculum materials, teaching innovations, teacher skills 
and practical local utility of the topics in relation to farming were suggested as constraints to 
the teaching of sustainable agriculture (Agbaje et al., 2001; Straquadine, 1997). 
Extent of Use of Different Methods for Teaching about Sustainable Agriculture 
Teachers' limited use of a variety of different teaching methods (Appendix C) to 
teach selected sustainable agriculture topics meant that teachers restrict their teaching to a 
limited use of strategies (Table 12). The use of different teaching methods to teach 
sustainable agriculture topics only to a moderate extent is not related to teachers' overall 
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beliefs or perceptions about sustainable agriculture. The use of multiple methods to adapt 
teaching-learning to specific contexts enhances learning from one context to another as well 
as the problem-solving ability of learners (Dewey, 1938; Liu & Matthews, 2005). This 
information supports a social reconstruction curriculum model. Teachers would be expected 
to use relatively more teaching methods if they have modeled their teaching on social 
reconstruction theory. It is important to note, however, that different teaching methods may 
be more appropriate depending on the subject in question and the availability of 
complementary teaching resources that can render the teaching methods more effective and 
beneficial to teaching-learning. Teachers' overall agreement with statements supporting 
beliefs or perceptions about sustainable agriculture practice did not guide the extent teachers 
used teaching methods to teach sustainable agriculture. Teachers did not therefore model 
their teaching behaviors according to the social reconstruction theory. 
Although teachers used a variety of teaching methods to a moderate extent to teach 
the selected agriculture topics, a relatively large proportion of the teachers mainly used 
traditional teaching methods (Dewey, 1938) such as lectures. Okeafor's (2002) findings that 
teachers preferred a variety of teaching methods to teach sustainable agriculture is partly 
contradicted in this study. 
Relationship between Beliefs and Perceptions about Sustainable Agriculture 
Although the association between teacher beliefs and perceptions about sustainable 
agriculture was substantial overall, accounting for 36% of their variances (,62), Davis (1971) 
suggested that such a relationship is not yet high and important enough for practical 
purposes. For an extraneous variable to influence an independent variable which is to be used 
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to determine a relationship such as teachers' beliefs about sustainable agriculture, the 
association should have a high absolute value of at least .70 to influence the relationship. 
The individual sustainable agricultural practices with relatively high association with 
beliefs (crop rotation, herbicide resistant crops) about sustainable agriculture were also 
relatively highly perceived by teachers as sustainable agriculture practices and taught by 
teachers to a relatively high extent. This is expected because individual sustainable topics are 
derived from global sustainable agriculture practices (Beus & Dunlap, 1991). 
Relationship between Beliefs about Sustainable Agriculture and 
Extent of Teaching Sustainable Agriculture 
Believing or not believing in selected concepts about sustainable agriculture did not 
appear to influence the extent to which an individual taught sustainable agriculture topics in 
this study. Teachers are not modeling their teaching behavior on a social reconstruction 
curriculum model according to their social values that support beliefs about sustainable 
agriculture and expectation of society that the topic is a critical one. As expected of any new 
technology, adoption of sustainable agriculture cannot be obvious for everyone in the society 
(Rodgers, 1995). 
One possible explanation for the lack of a relationship between beliefs about 
sustainable agriculture is that the extent of teaching about sustainable agriculture may be 
comprised of other components such as planning among teachers and students about learning 
activities that can help to prepare students better cognitively and affectively (Tam, 2000) for 
increased teaching-learning of the subject. Such components of extent of teaching selected 
topics were not included in the subscale in this study. Inclusion may contribute to a higher 
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score for the subscale on extent of teaching selected sustainable agriculture topics and render 
the expected relationships. 
Relationship between Beliefs about Sustainable Agriculture and 
the Extent Different Methods are Used 
Agriculture teachers' beliefs about sustainable agriculture practice did not influence 
the extent to which teachers used different teaching methods to teach sustainable agriculture 
topics. Assuming teachers developed social values supporting sustainable agriculture practice 
based on their beliefs about sustainable agriculture, teachers did not model their teaching 
behaviors according to a social reconstruction model. If they did, teachers would likely use a 
variety of teaching methods to a relatively high extent to teach about selected sustainable 
topics. Constraints to teaching of sustainable agriculture related to teachers' lack of access to 
curriculum materials, inadequacy in teaching innovations and laboratory techniques such as 
reported in other studies might explain why teachers may not have taught sustainable 
agriculture to a higher extent. 
Proportion of Variance Explained by Beliefs about Sustainable Agriculture 
The small but significant variance explained by perceptions about selected sustainable 
agriculture practices in the extent teachers teach sustainable agriculture topics is both 
reinforcing and contradictory. It is expected that an increase in agriculture teachers' beliefs 
about sustainable agriculture would lead to an increase in the extent to which agriculture 
teachers teach sustainable agriculture topics. This could be due to the expectation that a 
social reconstruction curriculum model strives to inculcate positive social values to societal 
members on a subject that society has a great need to resolve (McLeod, 2005; Tam, 2000). 
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The reinforcement and contradiction comes in the sense that teacher agreement with selected 
sustainable practices and teacher beliefs about sustainable agriculture are expected to be 
related and this study did not find any such a relationship. Yet, only teacher selected 
practices influence the extent of teaching about sustainable agriculture rather than teacher 
beliefs about sustainable agriculture. However, teacher agreement or disagreement with 
selected practices may be used to uncover reasons why teacher beliefs about sustainable 
agriculture do not influence the extent to which they teach the selected practices. 
The finding that teacher agreement with selected sustainable practices can explain the 
proportion of variance in the extent selected topics were taught might indicate that the 
division of teachers into two groups of those who agreed with the selected practices and 
those who disagreed (Table 8) may have consequences for the extent of teaching selected 
topics among the two groups. The possible differences among teachers regarding agreement 
and disagreement with selected sustainable agriculture practices may be used to determine 
the needs of these two groups of teachers related to the extent of teaching about sustainable 
topics. Such differences may also be used to address curriculum needs of different teachers in 
educational programs in sustainable agriculture. Although there was a marginal support for 
the relationship between teacher perceptions about the selected practices and the extent 
teachers teach the practices, there was no support for the expected relationship between 
beliefs, perception and the extent the teachers teach sustainable agriculture. 
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CHAPTER 6. SUMMARY, CONCLUSIONS, IMPLICATIONS, 
AND RECOMMENDATIONS 
Summary 
Researchers have advanced that sustainability education that infuses curriculum and 
instruction with concepts linking social, economic and ecological systems will enable 
students to understand the interactions among the three systems (Francis & King, 1994; 
Santone, 2003/2004) and the current sustainable agriculture practices. This process can be 
achieved through instruction in sustainable agriculture in high school. This should help 
students to acquire communication, technical, and workforce skills necessary to address the 
challenges in the agricultural industry. The purpose of this chapter is to present a summary of 
the study's purpose, procedures, findings and the conclusions, and recommendations. 
Purpose 
The relatively few studies potentially relating agriculture teachers' perceptions about 
sustainable agriculture and agriculture teachers' sustainable agriculture teaching behaviors 
have not established an explicit relationship (Agbaje et al., 2001; Okeafor, 2002; Udoto & 
Flowers, 2001; Williams & Wise, 1997). Therefore, the need to understand the relationship 
between agriculture teachers' beliefs about sustainable agriculture practice and the extent 
teachers teach selected sustainable agriculture practices formed the purpose of this study. 
Procedures 
A stratified random sample of 844 agriculture teachers was selected from a target 
population of 2,904 teachers in 12 NCR states of the U.S.A. The questionnaire used in this 
study had four Likert-type subscales consisting of beliefs, perceptions, extent of teaching, 
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and extent of use of different teaching methods about sustainable agriculture. Cronbach's 
alpha coefficients measured from a pilot study were between .74 and .95. Comparison of 
early and late respondents on the main dependent variables indicated no differences between 
the two groups (Lindner, Murphy, & Briers, 2001). Demographic variables were analyzed for 
each research objective to determine if mean scores on each subscale differed due to any 
differences among teachers on the demographic variables. The findings presented below 
address the specific objectives of the study already described under the introductory and 
methodology sections. 
Major Findings 
The following statements summarize the major findings of this study: 
1. The majority of agriculture teachers were males (84%). 
2. The average number of years agriculture teachers taught agriculture, lived full-time 
on farm, lived part-time on farm, worked full-time on the farm, and worked part-time 
on farm were 16.31, 18.94, 9.78,11.37, and 14.49, respectively. 
3 Teachers, on average, agreed with statements supporting beliefs about sustainable 
agriculture, emphasizing its ecological and social dimensions. 
4. Teachers had relatively positive perceptions about the selected sustainable 
agricultural practices. 
5. Teachers rated sustainable agriculture practices with ecological and social dimensions 
higher than other practices. 
6. Although teachers generally believed in selected sustainable agriculture concepts, 
they only teach about sustainable agriculture to a moderate extent. 
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Teachers indicated they mainly used traditional methods in teaching agriculture topics 
(lectures, discussions). 
Generally, agriculture teachers used experiential methods in teaching to only a low to 
moderate extent. 
There is a positive and substantial association between agriculture teachers' beliefs 
about sustainable agriculture practice and perceptions about the selected sustainable 
agriculture practices. The relationship is linear and significant at p< .01. This means 
an increase in teachers' beliefs about sustainable agriculture would result in an 
increase in teachers' perceptions about sustainable agriculture practices and vice 
versa. 
There is overall a positive association between agriculture teachers' beliefs about 
sustainable agriculture and the extent teachers teach sustainable agriculture topics. 
The magnitude of the association is negligible. This means that although teachers 
believe in sustainable agriculture practices, their beliefs about sustainable agriculture 
practices do not influence the extent they teach selected sustainable agriculture topics. 
Overall, there is a low positive association between agriculture teachers' beliefs 
regarding sustainable agriculture and the extent the teachers use different teaching 
methods to teach the selected sustainable agriculture topics. The association is not 
significant at p> .05. This means that teachers' beliefs about sustainable agriculture 
practice do not influence teachers' teaching methods in teaching sustainable 
agriculture topics. 
The proportion of variance in the extent teachers teach selected sustainable 
agriculture topics explained by teachers' beliefs about sustainable agriculture is zero. 
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The variation was not significant at p< .05. The lack of the contribution of variation 
of beliefs about sustainable agriculture practice to variance in the extent teachers 
teach sustainable agriculture topics means that beliefs about sustainable agriculture 
practices do not influence teaching about sustainable agriculture. 
Conclusions 
The following conclusions made from the findings of the study apply to the 
agriculture teacher population in the NCR: 
1. High school agriculture teachers in the NCR include moderately sustainable 
agriculture topics in their curriculum. 
2. Agriculture teachers' overall beliefs about sustainable agriculture do not influence the 
extent to which teachers teach sustainable agriculture topics. 
3. Agriculture teachers' perceptions about sustainable agriculture practices can influence 
the extent to which they teach selected sustainable agriculture topics. 
4. The extent to which an agriculture teacher is likely to teach sustainable agriculture 
topics may be better determined from his/her perceptions of sustainable agriculture 
practices than from his/her beliefs about sustainable agriculture. 
5. Agriculture teachers agree with sustainable agriculture practices to a higher level than 
the extent to which they teach these practices. 
6. The influence of demographic variables, especially on the extent to which sustainable 
agriculture is taught and partly on the extent to which teachers use a variety of 
teaching methods, can be put to use in pre-service and in-service teacher training and 
professional development programs. The knowledge and teaching skills of teachers 
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with farm backgrounds of having lived or worked on the farm full or part-time can be 
tapped in these programs. 
Recommendations 
The following recommendations for practice were made based on the findings and 
conclusions of the study: 
1. Because agriculture teachers in this study teach little about sustainable agriculture 
even though they may support it, strategies and means of providing teachers 
professional development may be needed. Curriculum materials addressing relevant 
sustainable agriculture topics are required to increase teachers' conceptual 
understanding of sustainable agriculture and awareness of the importance of teaching 
it in the agriculture curriculum. 
2. Organization of pre-service, in-service and professional development programs need 
to include information on the latest technologies related to sustainable agriculture 
similar to other new technologies. 
3. Since agriculture teachers in this study generally support selected concepts about 
sustainable agriculture practices, yet teachers only teach sustainable topics to a low to 
moderate extent, and agreeing with selected sustainable agriculture practices may or 
may not influence the extent teachers teach sustainable agriculture, the fundamental 
reasons explaining why teachers do not teach selected sustainable agriculture topics 
to a relatively high and/or very high extent should be studied in different teaching 
contexts. The studies should go beyond the constraints to teaching sustainable topics 
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already pinpointed by other studies (Straquadine (1997), such as unavailability of 
curriculum materials and teaching innovations for teachers. 
4. There is a need to determine whether teacher perceptions about sustainable 
agriculture may account for any differences among teachers who agree to perceptions 
about selected sustainable agriculture practices and those who do not agree regarding 
the teaching of selected sustainable agriculture topics. Findings in this study suggest 
this may be the case. 
Implications and Significance to Education 
The results of this study have implications to curriculum developers, teacher 
educators, instructional materials developers and education specialists. The planning and 
development of educational programs depend on the needs and beliefs of teachers as well as 
the needs of learners. New technologies, new practices, and approaches to using technology 
will continue to influence the agriculture curriculum at all levels of education. The infusion 
of these new technologies and practices into the curriculum is seldom automatic and may 
take many years to be fully integrated into educational programs. 
Sustainable agriculture issues and practice represent major topics that impact society, 
in general, and agriculturalists, in particular. The results from this study place an emphasis on 
the need for clarifying sustainable agriculture concepts and practices, and how sustainable 
agriculture can become a part of our educational programs in agriculture. 
Educators are continually seeking new information and new ways to present subject 
matter that is meaningful and useful to learners. It appears that sustainable agriculture may be 
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a subject area that could undergo a form of transition as it has the potential to become a part 
of the curriculum in agricultural education. 
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APPENDIX A. HUMAN SUBJECT APPROVAL 
LOWL STATE UNIVERSITY 
O T  S C I E N C C  I F C H N O L O G Y  
DATE: March 11, 2005 
TO: Mathew Muma 
FROM: Human Compliance Research Office 
RE: IRB ID # 05-096 
STUDY REVIEW DATE: March 11, 2005 
The Institutional Review Board has reviewed the project, "Sustainable agriculture and high 
school agriculture education teacher perceptions and their implications" requirements of the 
human subject protections regulations as described in 45 CFR 46.101(b)2. The applicable 
exemption category is provided below for your information. Please note that you must 
submit all research involving human participants for review by the IRB. Only the IRB may 
make the determination of exemption, even if you conduct a study in the future that is 
exactly like this study. 
The IRB determination of exemption means that this project does not need to meet the 
requirements from the Department of Health and Human Service (DHHS) regulations for 
the protection of human subjects, unless required by the IRB. We do, however, urge you to 
protect the rights of your participants in the same ways that you would if your project was 
required to follow the regulations. This includes providing relevant information about the 
research to the participants. 
Because your project is exempt, you do not need to submit an application for continuing 
review. However, you must carry out the research as proposed in the IRB application, 
including obtaining and documenting (signed) informed consent if you have stated in your 
application that you will do so or required by the IRB. 
Any modification of this research must be submitted to the IRB on a Continuation and/or 
Modification form, prior to making any changes, to determine if the project still meets the 
Federal criteria for exemption. If it is determined that exemption is no longer warranted, 
then an IRB proposal will need to be submitted and approved before proceeding with data 
collection. 
cc: Ag Ed & Studies 
Robert Martin 
ORC 04-21-04 
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APPENDX B. COVER LETTER 
Department of Agricultural Education and Studies 
20i Cuniss Hall 
AMES, IOWA 50011-1050 
Administration and Graduate Programs 515 294-5904 
Research and Extension Programs 515 294-5672 
Undergraduate Programs 515 294-6924 
April 28, 2005 
Dear Teacher of Agriculture, 
Sustainable agriculture as a concept has generated a lot of discussion over the past 
few years. What should be taught about sustainable agriculture is often debated. Even the 
definition of sustainable agriculture is subject to debate. 
This study seeks to understand more about sustainable agriculture based on the 
perceptions of high school agriculture teachers and how it is taught in the North Central 
Region. We need your help. Please, respond to the enclosed questionnaire. The survey 
will take about 15 minutes to complete. Your response to this questionnaire is very 
important. 
Your response to this study will be treated with the strictest confidence. Your 
information will only be identified by a code number that will be destroyed on 
12/30/2005. Only the researcher and major professor will have access to the data. The 
data will be analyzed in group form only and used to complete the requirements for a 
doctoral program in agricultural education. Your participation in this study is voluntary. 
You may stop participation at any time and this will not result in any adverse 
consequences to you. There are no risks to participation in this study. The results of the 
study will be valuable to teachers as possible changes are made in the high school 
agriculture curriculum. 
Please, return the completed questionnaire in the stamped self-addressed envelope 
by May 12,2005. 
Sincerely, 
MattfevHvfàma, Robert Martin, 
Graduate Research Assistant Professor & Chair 
IOWA STATE UNIVERSITY 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
If you have any questions about the rights of research subjects or research-related injury, 
please contact Ginny Austin Eason, IRB Administrator, (515) 294-4566, 
austingr@iastate.edu. or Diane Ament, Research Compliance Officer (515) 294-3115, 
dament@iastate.edu". 
I. General Perceptions about Sustainable Agriculture 
Indicate the extent you agree or disagree with each statement 
regarding sustainable agriculture by circling the appropriate number 
on a 5-point scale (l=Strongly Disagree; 2=Disagree; 3=Neutral; 
4=Agree; 5=Strongly Agree). 
Sustainable Agriculture Statement 
1. Sustainable agriculture indicates low farm 
capital investment and technology. 
1 2 3 4 5 
2. Sustainable agriculture reduces need for 
over reliance on external sources of inputs. 
1 2 3 4 5 
3. Weal farming practice impacts success of 
sustainable agriculture. 
1 2 3 4 5 
4. Sustainable agriculture promotes local 
processing of agricultural production. 
1 2 3 4 5 
5. Agricultural knowledge from extension is 
important for the success of sustainable 
agriculture. 
1 2 3 4 5 
6. Local knowledge of farming in a community 
is an indication of sustainability in agriculture. 
I 2 3 4 5 
7. Innovations in agricultural technology 
determine the success of sustainable 
agriculture. 
1 2 3 4 5 
8. Farm-size is related to the farm management 
necessary for attainment of a sustainable 
agriculture. 
1 2 3 4 5 
9. Sustainable agriculture promotes local 
marketing of agricultural production. 
1 2 3 4 5 
Continued on page 3... 
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Continued from page 2. 
Sustainable Agriculture Statement 
10. The size of a community impacts 
development of sustainable agriculture. 
11. Exchange of knowledge about locally 
designed technologies among producers 
promotes sustainable agricultural practices. 
12. Sustainable agriculture does not increase 
returns to farm labor. 
13. Sustainable agriculture practices emphasize 
rural landscape quality and aesthetics. 
14. Sustainable agriculture promotes recycling 
of renewable natural resources. 
15. Sustainable agriculture does not value nature 
for its own sake. 
16. Development of healthy soil is important for 
sustainable agriculture. 
17. Sustainable agriculture conserves natural 
resources for the benefit of future generations. 
18. Crop rotation is not important to achieving 
sustainable agriculture. 
19. Integrating diverse crops with livestock 
enterprises promotes sustainable agriculture. 
20. Sustainable agriculture promotes specialized 
crop and livestock enterprises. 
m 
Continued on page 4... 
II. Agricultural Practice 
Indicate the extent to which each item is a sustainable agriculture 
practice by circling the appropriate number on a 5-point scale 
(l=Strongly Disagree; 2=Disagree; 3= Neutral; 4=Agree; 
5=Strongly Agree). 
Agricultural Practice 
1. Rotational grazing 1 2 3 4 5 
2. Narrow strip intercropping 1 2 3 4 5 
3. Fall seeded cover crop 1 2 3 4 5 
4. Use of low input livestock facilities 1 2 3 4 5 
5. Row banding of herbicides 1 2 3 4 5 
6. Integrated pest management 1 2 3 4 5 
7. Soil test 1 2 3 4 5 
8. Nitrogen application 1 2 3 4 5 
9. Use of green manure 1 2 3 4 5 
10. Mechanical weeding 1 2 3 4 5 
11. Reduced rates of herbicides 1 2 3 4 5 
12. Reduced nitrogen fertilizer rates 1 2 3 4 5 
13. Use of nitrification inhibitor 1 2 3 4 5 
14. Reduced tillage 1 2 3 4 5 
15. Recycling agricultural wastes 1 2 3 4 5 
16. Insect resistant crops 1 2 3 4 5 
17. Herbicide resistant crops 1 2 3 4 5 
18. Crop rotation 1 2 3 4 5 
19. Reduced use of fertilizers 1 2 3 4 5 
20. Use of animal manure 1 2 3 4 5 
21. Conservation tillage 1 2 3 4 5 
Continued on page 5... 
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III. Teaching Sustainable Agriculture Topics 
Indicate the extent to which you teach each selected 
sustainable agriculture topic in the agriculture curriculum by 
circling the appropriate number on a 5-point scale (l=None; 
2=Low Extent; 3=Moderate; 4=High; 5=Very High Extent). 
Sustainable Agriculture Topic Taught 
1. Water quality 1 2 3 4 5 
2. Recycling agricultural wastes 1 2 3 4 5 
3. Food safety 1 2 3 4 5 
4. Protection of wet lands 1 2 3 4 5 
5. Renewable sources of energy 1 2 3 4 5 
6. Wildlife conservation 1 2 3 4 5 
7. Air pollution 1 2 3 4 5 
8. Rotational grazing 1 2 3 4 5 
9. Narrow strip intercropping 1 2 3 4 5 
10. Fall seeded cover crop 1 2 3 4 5 
11. Use of low input livestock facilities 1 2 3 4 5 
12. Row banding of herbicides 1 2 3 4 5 
13. Integrated pest management I 2 3 4 5 
14. Soil test 1 2 3 4 5 
15. Nitrogen application 1 2 3 4 5 
16. Insect resistant crops 1 2 3 4 5 
17. Mechanical weeding 1 2 3 4 5 
18. Reduced rates of herbicides 1 2 3 4 5 
19. Reduced nitrogen fertilizer rates I 2 3 4 5 
20. Use of nitrification inhibitor 1 2 3 4 5 
21. Reduced tillage 1 2 3 4 5 
22. Use of green manure 1 2 3 4 5 
23. Herbicide resistant crops 1 2 3 4 5 
24. Crop rotation 1 2 3 4 5 
25. Use of animal manure 1 2 3 4 5 
Continued on page 6... 
5 
IV. Methods ami Tools for Teaching Sustainable Agriculture 
Indicate the extent to which you use each method to teach 
sustainable agriculture in the agriculture curriculum by circling the 
appropriate number on a 5-point scale (I "None; 2-Low Extent; 
3=Moderate Extent; 4-High Extent; 5=Very High Extent). 
'leaching Methods and Tools 
1. Lectures 1 2 3 4 5 
2. One-on-one instruction 1 2 3 4 5 
3. Reading assignments 1 2 3 4 5 
4. < asc studies 1 2 3 4 5 
5. uroup Discussion 1 2 3 4 5 
6. Demonstrations 1 2 3 4 5 
7. Hands-on learning 1 2 3 4 5 
8. Projects 1 2 3 4 5 
9. Debates 1 2 3 4 5 
10. Workshops 1 2 3 4 5 
11. Field days 1 2 3 4 5 
12. Video tapes 1 2 3 4 5 
13. Web-sites 1 2 3 4 5 
Continued on page 1... 
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V. Demographic Information 
Write or circle your answer for each demographic question in 
the first column of the table below in the corresponding box 
in column 2 of the table. 
Demographic item Write/circle answer for each item in 
column 1 here 
1. a) Name of your State? 
(write in the box). a. -
2. What (is) was your 
undergraduate major? (circle 
one in the box). 
a. Agronomy 
h. Animal Science 
c. Horticulture 
d. Agricultural Education 
c. Other (specify) 
3. What is your gender? (circle 
one). 
a. Male 
b. Female 
4. How many years have you 
taught agriculture? 
(write in the box). 
- years 
5. What is your highest level of 
education? (circle one in the 
box). 
a.HS 
h. MS 
c. PhD. 
d. Other (Specify) 
Continued on page 8 . . .  
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APPENDIX D. FOLLOW UP LETTER 
IOWA STATE UNIVERSITY 
of c r i p N! r f a n n t f r h m n i n n v O F  S C I E N C E  A N D  T E C H N O L O G Y  
Department of Agricultural Education and Studies 
201 Curtiss Hail 
Ames, Iowa 500M-1050 
Administration and Graduate Programs 515 294-5904 
Research and Extension Programs 515 294-5872 
Undergraduate Programs 515 294-6924 
May 6, 2005 
Dear Teacher of Agriculture, 
Recently, you were mailed a questionnaire titled "Sustainable Agriculture and 
High School Agriculture Education Teacher Perceptions and Their Implications". As of 
today, we have not received your response. We need your input. Please, complete the 
questionnaire and return it as soon as possible. 
Even if you decide not to complete the questionnaire, please return the questionnaire by 
May 12, 2005 using the self-addressed stamped envelope. If you have already returned 
the questionnaire, please disregard this letter. 
Thank you for your cooperation. 
If you have any questions about the rights of research subjects or research-related injury, 
please contact G inn y Austin Eason, IRB Administrator, (515) 294-4566, 
austingr@iastate.edu. or Diane Ament, Research Compliance Officer (515) 294-3115, 
danient@iastate.edu". 
Robert Martin, Mathew Muma, 
Graduate Research Assistant Professor and Chair 
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APPENDIX E. ADDITIONAL TABLES 
Table 19. ANOVA Summary of sums of squares of beliefs, perceptions, extent of teaching 
and teaching methods between and within groups of teachers with different levels of 
education 
Dependent Variable Source of Variation DF SS MS Significance 
Beliefs about SA Between Groups 
Within Groups 
Total 
1 
221 
222 
0.00 
41.91 
41.91 
0.00 
0.19 
1.00 
Perceptions about SA Between Groups 
Within Groups 
Total 
1 
215 
216 
0.27 
68.57 
68.84 
0.27 
0.32 
0.36 
Extent of Teaching SA Between Groups 
Within Groups 
Total 
1 
217 
218 
0.45 
115.58 
116.03 
0.45 
0.53 
0.36 
Teaching Methods Between Groups 
Within Groups 
Total 
1 
222 
223 
0.00 
116.16 
116.17 
0.00 
0.52 
0.95 
Note: SA = sustainable agriculture; DF - degrees of freedom; SS = sums of squares; MS = 
mean squares. 
Table 20. ANOVA Summary of sums of squares of beliefs, perceptions, extent of teaching 
and teaching methods between and within groups of teachers who lived full-time on farm for 
different durations 
Dependent Variable Source of Variation DF SS MS Significance 
Beliefs about SA Between Groups 3 0.44 0.15 0.49 
Within Groups 222 40.16 0.18 
Total 225 40.60 
Perceptions about SA Between Groups 3 0.21 0.07 0.88 
Within Groups 217 67.43 0.31 
Total 220 67.65 
Extent of Teaching SA Between Groups 3 7.44 2.48 0.00*** 
Within Groups 218 114.80 0.53 
Total 221 122.23 
Teaching Methods Between Groups 3 9.15 3.05 0.00*** 
Within Groups 224 111.28 0.50 
Total 227 120.43 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = 
mean squares; *** = F statistic significant atp< .001. 
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Table 21. ANOVA Summary of sums of squares of beliefs, perceptions, extent of teaching 
and teaching methods between and within groups of teachers who lived part-time on farm for 
different durations. 
Dependent Variable Source of Variation DF SS MS Significance 
Beliefs about SA Between Groups 2 0.02 0.01 0.95 
Within Groups 223 40.58 0.18 
Total 225 40.60 
Perceptions about SA Between Groups 2 0.15 0.07 0.79 
Within Groups 218 67.50 0.31 
Total 220 67.65 
Extent of Teaching SA Between Groups 2 4.76 2.38 0.01** 
Within Groups 219 117.47 0.54 
Total 221 122.23 
Teaching Methods Between Groups 2 7.81 3.91 0.00*** 
Within Groups 225 112.62 0.50 
Total 227 120.43 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = 
mean squares; ** = F statistic significant atp< .01; *** = F statistic significant atp< .001. 
Table 22. ANOVA Summary of sums of squares of beliefs, perceptions, extent of teaching 
and teaching methods between and within groups of teachers who worked full-time on farm 
for different lengths of time 
Dependent Variable Source of Variation DF SS MS Significance 
Beliefs about SA Between Groups 2 0.12 0.06 0.73 
Within Groups 223 42.18 0.19 
Total 225 42.29 
Perceptions about SA Between Groups 2 0.30 0.15 0.62 
Within Groups 218 69.93 0.32 
Total 220 70.23 
Extent of Teaching SA Between Groups 2 3.23 1.64 0.05* 
Within Groups 219 117.97 0.54 
Total 221 121.26 
Teaching Methods Between Groups 2 3.79 1.90 0.03* 
Within Groups 225 116.54 0.58 
Total 227 120.33 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = 
mean squares; * = F statistic significant atp< .05. 
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Table 23. ANOVA Summary of sums of squares of beliefs, perceptions, extent of teaching 
and teaching methods between and within groups of teachers who worked part-time on farm 
for different durations 
Dependent Variable Source of Variation DF SS MS Significance 
Beliefs about SA Between Groups 2 0.09 0.05 0.78 
Within Groups 223 40.51 0.18 
Total 225 40.60 
Perceptions about SA Between Groups 2 0.50 0.25 0.45 
Within Groups 218 67.15 0.31 
Total 220 67.65 
Extent of Teaching SA Between Groups 2 4.99 2.50 0.01** 
Within Groups 219 117.25 0.54 
Total 221 122.23 
Teaching Methods Between Groups 2 3.89 1.95 0.03* 
Within Groups 225 116.53 0.50 
Total 227 120.43 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = 
mean squares; * - F statistic significant atp< .05; ** = F statistic significant atp< .01. 
Table 24. ANOVA Summary of sums of squares of beliefs, perceptions, extent of teaching 
and teaching methods between and within groups of teachers who taught agriculture for 
different lengths of time 
Dependent Variable Source of Variation DF SS MS Significance 
Beliefs about SA Between Groups 
Within Groups 
Total 
3 
227 
230 
0.86 
42.17 
43.03 
0.29 
0.19 
0.21 
Perceptions about SA Between Groups 
Within Groups 
Total 
3 
221 
230 
0.81 
69.56 
70.38 
0.27 
0.32 
0.46 
Extent of Teaching SA Between Groups 
Within Groups 
Total 
3 
222 
225 
6.00 
117.19 
123.18 
2.00 
0.53 
0.01** 
Teaching Methods Between Groups 
Within Groups 
Total 
3 
229 
232 
4.33 
116.93 
121.26 
1.44 
0.51 
0.04* 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = 
mean squares; * = F statistic significant atp< .05; ** = F statistic significant atp< .01. 
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Table 25. ANOVA Summary of sums of squares of beliefs, perceptions, extent of teaching 
and teaching methods between and within undergraduate majors of teachers 
Dependent Variable Source of Variation DF SS MS Significance 
Beliefs about SA Between Groups 5 0.43 0.10 0.81 
Within Groups 224 42.55 0.19 
Total 229 42.98 
Perceptions about SA Between Groups 5 1.66 0.33 0.39 
Within Groups 219 68.73 0.31 
Total 224 70.39 
Extent of Teaching SA Between Groups 5 3.71 0.74 0.24 
Within Groups 220 118.85 0.54 
Total 225 122.57 
Teaching Methods Between Groups 5 3.42 0.69 0.26 
Within Groups 226 117.83 0.52 
Total 231 121.25 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = 
mean squares; * = F statistic significant at p< .05 
Table 26. ANOVA Summary of sums of squares of beliefs, perceptions, extent of teaching 
and teaching methods between and within groups teachers from the 12 NCR states 
Dependent Variable Source of Variation DF SS MS Significance 
Beliefs about SA Between Groups 11 3.06 0.28 0.13 
Within Groups 219 39.97 0.18 
Total 230 43.03 
Perceptions about SA Between Groups 11 5.94 0.54 0.06 
Within Groups 214 64.44 0.30 
Total 225 70.39 
Extent of Teaching SA Between Groups 11 6.19 0.56 0.42 
Within Groups 215 117.02 0.54 
Total 226 123.21 
Teaching Methods Between Groups 11 6.14 0.56 0.39 
Within Groups 221 115.12 0.52 
Total 232 121.26 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = 
mean squares; * = F statistic significant atp< .05. 
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Table 27. Comparison of means of male and female teachers on beliefs, perceptions, extent 
of teaching and teaching methods 
Variable Gender n Mean SD (-test 
Beliefs about SA Male 195 3.63 0.43 -1.81* 
Female 36 3.78 0.43 
Total 131 
Perceptions about SA Male 188 3.89 0.55 -0.32 
Female 38 3.92 0.61 
Total 226 
Extent of Teaching SA Male 190 3.21 0.73 2.42* 
Female 37 3.89 0.72 
Total 227 
Teaching Methods Male 196 3.06 0.73 0.53 
Female 37 2.99 0.66 
Total 233 
Note: SA = sustainable agriculture; DF = degrees of freedom; SS = sums of squares; MS = 
mean squares; * = t-statistic significant atp< .05. 
Table 28. Comparison of means of extent of teaching and teaching methods for agriculture 
teachers who lived full-time on farm for different lengths of time 
Variable Years Lived on Farm n Mean SD 
Extent of Teaching SA 0 66 3.23"* 0.75 
1-20 66 2.94' 0.76 
21-30 46 3.09* 0.70 
Over 30 44 3.44b 0.65 
Teaching Methods 0 68 3.14* 0.70 
1-20 66 2.78= 0.79 
21-30 49 3.01cd 0.62 
Over 30 45 3.33d 0.66 
Note: SA = sustainable agriculture; n = number completing questionnaire; SD = standard 
dev iation;a,b,c'" = mean squares with the same letter are not significantly different (p > .05). 
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Table 29. Comparison of means of extent of teaching and teaching methods for agriculture 
teachers who lived part-time on farm for different lengths of time 
Variable Years Lived on Farm n Mean SD 
Extent of Teaching SA 0 66 3.13* 0.76 
1-20 66 2.99' 0.71 
Over 20 46 3.40" 0.69 
Teaching Methods 0 68 2.97' 0.73 
1-20 66 2.89' 0.59 
Over 20 49 3.37* 0.62 
Note: SA = sustainable agriculture; n = number completing questionnaire; SD = standard deviation; 
a,b
'
c
'" = mean squares with the same letter are not significantly different. 
Table 30. Comparison of means of extent of teaching and teaching methods for agriculture 
teachers who worked full-time on farm for different lengths of time 
Variable Years Worked on Farm n Mean SD 
Extent of Teaching SA 0 66 3.09' 0.75 
1-20 66 3.11' 0.76 
Over 20 46 3.39' 0.70 
Teaching Methods 0 68 3.03bc 0.71 
1-20 66 2.91" 0.76 
Over 20 49 3.26' 0.68 
Note: SA = sustainable agriculture; n = number completing questionnaire; SD = standard deviation; 
a,b
'
c
'" = mean squares with the same letter are not significantly different (p > .05). 
Table 31. Comparison of means of extent of teaching and teaching methods for agriculture 
teachers who worked part-time on farm for different lengths of time 
Variable Years Worked on Farm n Mean SD 
Extent of Teaching SA 0 66 3.21»" 0.75 
1-20 66 2.97' 0.73 
Over 20 46 3.32" 0.72 
Teaching Methods 0 68 3.01°* 0.74 
1-20 66 2.92° 0.77 
Over 20 49 3.23d 0.64 
Note: SA = sustainable agriculture; n = number completing questionnaire; SD = standard deviation; 
a,b, c,.. _ mean SqUares with the same letter are not significantly different. 
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Table 32. Comparison of means of agriculture teachers with different teaching experiences of 
agriculture on the extent of teaching sustainable agriculture 
Years Agriculture Taught n Means SD 
5 46 2.89 0.70 
6-15 67 3.20 0.68 
16-25 55 3.13 0.86 
Over 25 58 3.36 0.67 
Total 226 3.05 0.74 
Note: n = number of teachers; SD = standard deviation. 
Table 33. Comparison of agriculture teachers from different undergraduate majors on means 
of the extent teachers teach selected sustainable agriculture topics 
State n Mean SD 
Agronomy 4 3.79 0.11 
Animal Science 20 3.65 0.61 
Horticulture 3 3.24 0.18 
Agricultural Education 166 3.64 0.43 
Double Major 16 3.64 0.25 
Other 21 3.76 0.38 
Total 230 3.65 0.43 
Note: n = number completing questionnaire; SD = standard deviation. 
Table 34. Comparison of agriculture teachers from different states on means 
of the extent teachers teach selected sustainable agriculture topics 
State n Mean SD 
Illinois 20 3.14 0.86 
Indiana 14 3.31 0.93 
Iowa 16 3.24 0.35 
Kansas 17 2.96 0.63 
Michigan 8 2.92 0.86 
Minnesota 11 3.20 0.51 
Missouri 28 3.00 0.77 
Nebraska 19 3.14 0.74 
North Dakota 6 3.43 0.92 
Ohio 48 3.40 0.83 
South Dakota 18 3.05 0.56 
Wisconsin 24 3.00 0.63 
Total 227 3.16 0.74 
Note: n = number completing questionnaire; SD = standard deviation. 
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Table 35. Paired (-test comparison between scores on perceptions regarding 19 pairs of 
sustainable agriculture practices and sustainable agriculture topics 
Sustainable Agriculture Practice/Topic n Means 
Practice (Topic) 
(-test 
Crop rotation 236 4.27 (3.69) 7.40*** 
Soil test 237 4.27(4.10) 2.56* 
Use of animal manure 237 4.25 (3.51) 9.37*** 
Integrated pest management 236 4.18(3.45) 9.62*** 
Rotational grazing 236 4.17(3.20) 10.62*** 
Recycling agricultural wastes 234 4.17(3.12) 13.44*** 
Use of green manure 237 4.05 (3.01) 12.46*** 
Reduced tillage 235 3.97 (3.46) 6.34*** 
Reduced rates of herbicides 237 3.91 (2.95) 11.44*** 
Insect resistant crops 236 3.86 (3.28) 6.74*** 
Fall seeded cover crop 236 3.85 (2.64) 14.62*** 
Reduced nitrogen fertilizer rates 233 3.79 (2.81) 11.57*** 
Use of low input livestock facilities 235 3.67 (2.72) 11.67*** 
Mechanical weeding 236 3.67 (2.74) 10.21*** 
Narrow strip intercropping 236 3.66 (2.42) 14.74*** 
Herbicide resistant crops 236 3.60 (3.25) 3.97*** 
Nitrogen application 235 3.46 (3.43) 0.37 
Row banding of herbicides 236 3.42 (2.51) 11.14*** 
Use of nitrification inhibitor 235 3.41 (2.39) 13.41*** 
Note: 1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; strongly agree; n = number 
completing questionnaire; * = (-test significant atp< .05; *** = (-test significant atp< .001. 
123 
REFERENCES CITED 
Agbaje, K. A., Martin, R. A., & Williams, D. L. (2001). Impact of sustainable agriculture on 
secondary school agricultural education teachers and programs in the North Central 
Region. Journal of Agricultural Education, 42(2), 38-45. 
Agresti, A., & Finlay, B. (1997). Statistical methods for the social sciences (3rd ed.). 
Uppersaddle River, NJ: Prentice Hall. 
Agunga, R. A. (1995). What Ohio extension agents say about sustainable agriculture. Journal 
of Sustainable Agriculture, 5(3), 169-187. 
Alonge, A. J., & Martin, R. A. (1995). Assessment of the adoption of sustainable agriculture 
practices: Implications for agricultural education. Journal of Agricultural Education, 
36(3), 34-42. 
Armstrong, J. S., & Overton, T. S. (1977). Estimating nonresponse bias in mail surveys. 
Journal of Marketing Research, 14(3), 396-402. 
Ary, D., Jacobs, L. C., & Razavieh, A. (2002). Introduction to research in education (6th ed.). 
Texas: Harcourt Brace College Publishers. 
Augoustinos, M., & Walker, I. (1995). Theoretical perspectives in social cognition. In M. 
Augoustinos & I. Walker, Social cognition: An integrated introduction (pp. 1-31). 
London, U.K.: Sage. 
Balschweid, M. A. (2002). Teaching biology using agriculture as the context: Perceptions of 
high school students. Journal of Agricultural Education, 43(2), 56-67. 
Balschweid, M. A., & Thompson, G. W. (2002). Integrating science in agricultural 
education: Attitudes of Indiana agricultural science and business teachers. Journal of 
Agricultural Education, 43(2), 1-10. 
Basile, C. G. (2000). Environmental education as a catalyst for transfer of learning in young 
children. The Journal of Environmental Education, 32(1), 21-27. 
Barttlet, J. E. II, Kotrlik, J. W., & Higgins, C. C. (2001). Organizational research: 
Determining appropriate sample size in survey research. Information Technology, 
Learning, and Performance Journal, 19(1), 43-50. 
Beus, C. E., & Dunlap, R. E. (1990). Conventional versus alternative agriculture: The 
paradigmatic roots of the debate. Rural Sociology, 55, 590-616. 
Beus, C. E., & Dunlap, R. E. (1991). Measuring adherence to alternative versus conventional 
agricultural paradigms: A proposed scale. Rural Sociology, 56, 432-460. 
124 
Benbrook, C.M. (1991). Introduction. Sustainable Agriculture research and education in the 
field workshop proceedings. Board on Agriculture, National Research Council. 
Washinton, DC: National Academy Press. 
Beus, C. E., & Dunlap, R. E. (1994). Agricultural paradigms and the practice of agriculture: 
A proposed scale. Rural Sociology, 59, 620-635. 
Borsari, B. (2001). Sustainable agriculture: Its time has come. Journal of College Science 
Teaching, 90(5), 336-338. 
Borsari, B. (2005). Undergraduate agriculture curricula in sustainability: An evaluation 
across borders. Journal of Sustainable Agriculture, 25(4), 93-112. 
Boyer, E. L. (1990). Scholarship reconsidered: Priorities of the professorate. Princeton, NJ: 
The Carnegie Foundation for the Advancement of Teaching. 
Campbell, D. T., & Stanley, J. C. (1966). Experimental and quasi-experimental designs for 
research. Chicago: Rand-McNally. 
Cardwell, V. B. (1995). Environment, food, agriculture, and renewable resources: The 
missing links in science education. The Agricultural Education Magazine, 95(5), 5-8. 
Chiappe, M. B., & Flora, C.B. (1998). Gendered elements of the alternative agriculture 
paradigm. Rural Sociology, 63(3), 372-393. 
Chiasson, T. C., & Burnett, M. F. (2001). The influence of agriscience course on the science 
achievement of high school students. Journal of Agricultural Education, 42( 1), 61-71. 
Cochran, W. G. (1977). Sampling techniques. New York: Wiley. 
Cochran, W. G. (1985). Sampling techniques (2nd ed.). New York: Wiley. 
Commer, S., Ekanem, E., Muhammad, S., Singh, S., & Tegegne, F. (1999). Sustainable and 
conventional agriculture farmers: A comparison of socio-economic characteristics, 
attitudes and beliefs. Journal of Sustainable Agriculture, 75(1), 29-45. 
Conner, D., & Kolodinsky, J. (1997). Can you teach an old dog new tricks? An evaluation of 
extension training in sustainable agriculture. Journal of Sustainable Agriculture, 
70(4), 5-20. 
Conroy, C. A., & Walker, N. J. (2000). An examination of integration of academic and 
vocational subject matter in the aquaculture classroom. Journal of Agricultural 
Education, 41(2), 54-62. 
Conroy, C. A. (2000). Reinventing career education and recruitment in agricultural education 
for the 21st century. Journal of Agricultural Education, 41(4), 73-84. 
125 
Connors, J. J., & Elliot, J. (1994). Teacher perceptions of agriscience and natural resources 
curriculum. Journal of Agricultural Education, 35(4), 15-19. 
Conway, G. (1997). Sustainable agriculture. In G. Conway (Ed.), The doubly green 
revolution. New York: Penguin. 
Culen, G. R., & Yolk, T. L. (2000). Effects of an extended case study on environmental 
behavior and associated variables in seventh-and eighth-grade students. The Journal 
of Environmental Education, 31(2), 9-15. 
Dailey, A. L., Conroy, C. A., & Shelley-Tolbert, C. A. (2001). Using agricultural education 
as the context to teach life skills. Journal of Agricultural Education, 42(1), 11-20. 
Davis, J. A. (1971). Elementary survey analysis. Englewood Cliffs, NJ: Prentice Hall. 
Dewey, J. (1938). Experience and education. New York: MacMillan. 
Dillman, D. A. (2000). Mail and internet surveys: The tailored design method. New York: 
Wiley. 
Doyle, R., & Krasny, M. (2003). Participatory rural appraisal as an approach to 
environmental education in urban community gardens. Environmental Education 
Research, 9(1), 91-115. 
Duffy, M. (1999). Farmers' thoughts on sustainable agriculture issues. Leopold letter, 11(1), 
8. Ames, IA: Iowa State University, Leopold Center for Sustainable Agriculture. 
Federico, C. M., Cloud, J. P., Byrne, J., & Wheeler, K. (2003). Kindergarten through twelfth-
grade education for sustainability. The Environmental Law Reporter, 33(2), 10117-
10131. 
Feldman, R. S. (1999). Using a small-scale demonstration farm as a teaching arena in biology 
and environmental science. Journal of College Science Teaching, December/January, 
186-191. 
Firebaugh, F. M. (1990). Sustainable agriculture systems: A concluding view. In C. A. 
Edwards, R. Lai, P. Madden, R. H., Miller, & G. House (Eds.), Sustainable 
agricultural systems (pp. 674-676). Ankeny, IA: Soil and Water Conservation 
Society. 
Fishbein, M., & Ajzen, I. (2003). Attitudes towards objects as predictors of single and 
multiple behavioral criteria. In M. A. Hogg (Ed.), Social psychology: Social cognition 
and perception, Vol. / (pp. 325-347). London, U.K.: Sage. 
Francis, C., & King, J. (1994). Will there be people in sustainable ecosystems? Designing an 
educational mosaic for the 22nd century. American Journal of Alternative Agriculture, 
P(l), 16-22. 
126 
Fretz, T. A. (1991). Sustainable agriculture and the land-grant university. In Leopold Center 
for Sustainable Agriculture (Ed.), Setting priorities: Research, practice and policy for 
a more sustainable agriculture (pp. 15-19). Ames, IA: Iowa State University, 
Leopold Center for Sustainable Agriculture. 
Gamon, J., Harrold, N., & Creswell, J. (1994). Educational delivery methods to encourage 
adoption of sustainable agricultural practices. Journal of Agricultural Education, 
35(1), 38-42. 
Giroux, H. A. (1987). Schooling and the politics of ethics: Beyond liberal and conservative 
discourses. Journal of Education, 169(2), 9-34. 
Gliessman, S. R. (1998). Agro-ecology: Ecological processes in sustainable agriculture. 
Chelsea, MI: Ann Arbor Press. 
Hasannein, N., & Kloppenburg, J. R., Jr. (1995). Where the grass grows again: Knowledge 
exchange in the sustainable agriculture movement. Rural Sociology, 64(4), 721-740. 
Hasannein, N. (1999). Changing the way America farms: Knowledge and community in the 
sustainable agriculture movement. Lincoln, NE: University of Nebraska Press. 
Hamilton, N. D. (1999). Sustainable agriculture: What have we learned? Leopold Letter, 
11(1), 6-7. Ames: Iowa State University, Leopold Center for Sustainable Agriculture. 
Hedlund, D. (1993). Listening to rural adolescents: Views on the rural community and the 
importance of adult interactions. Journal of Research in Rural Education, 9(3), 150-
159. 
Hillison, J. (1996). The origins of agriscience: or where did all that scientific agriculture 
come from? Journal of Agricultural Education, 37(4), 8-13. 
Hungerford, H. R., & Volk, T. (1990). Changing learner behavior through environmental 
education. Journal of Environmental Education, 21(3), 8-11. 
Hubert, D., Frank, A., & Igo, C. (2000). Environmental and agricultural literacy education. 
Water, Air, and Soil Pollution, 123, 525-532. 
Jaus. H. H. (1984). The development and retention of environmental attitudes in elementary 
school children. Journal of Environmental Education, 15(3), 33-43. 
Keeney, D. R. (1989). Toward a sustainable agriculture: Need for clarification of concepts 
and terminology. American Journal of Alternative Agriculture, 4(3), 101-105. 
Kirschenmann, F. (1997). On becoming lovers of the soil. In J. P. Madden & G. S. Chaplowe 
(Eds.), For all generations: Making world agriculture more sustainable (pp. 101-
114). Glendale, CA: World Sustainable Agriculture Association. 
127 
Kloppenburg, J., Jr., Henrickson, J., & Stevenson, G. W. (1996). Coming into the foodshed. 
Journal of the Agriculture, Food, and Human Values Society, 13(3), 33-42. 
Koralalage, S. J. (2001). Agricultural extension educators' perceptions regarding the 
teaching and learning processes as related to sustainable agriculture: Implications 
for agricultural extension. Doctoral dissertation, Iowa State University, Ames. 
Lawler, III, E. E. (1967). The multitrait-multi rater approach to measuring managerial job 
performance. Journal of Applied Psychology, 51, 369-381. 
Lee,V. E., & Burkam, D. T. (2002). Dropping out of high school: The role of school 
organization and structure. Paper Presented at the Conference on Dropouts in 
America: How severe is the problem? Harvard Graduate School of Education, 
Cambridge, MA. 
Lee, J. S., & Thomas, V.L. (1995). New curricula and approaches dominate the future for 
agricultural education. The Agricultural Education Magazine, 67(10), 10-12. 
Leopold Center for Sustainable Agriculture. (2000). Becoming a lover of the soil. Leopold 
Letter, 12(2), 6. Ames: Iowa State University, Leopold Center for Sustainable 
Agriculture. 
Leopold, A. (1949). A sand county almanac and sketches here and there. New York: Oxford 
University Press. 
Lindner, J. R., Murphy, T. H., & Briers, G. E. (2001). The handling of nonresponse in 
agricultural education. Proceedings of the 28th Annual National Agricultural 
Education Research Conference, 28, 233-245, December 12, New Orleans, LA. 
Liu, C. H., & Matthews, R. (2005). Vygotsky's philosophy: Constructivism and its criticisms 
examined. International Education Journal, 6(3), 386-399. 
Macrae, J. R., Henning, J., & Hill, S. B. (1993). Strategies to overcome barriers to the 
development of sustainable agriculture in Canada: The role of agri-business. Journal 
of Agricultural and Environmental Education Ethics, 6(2), 21-51. 
Marshall, T. A., & Herring, D. R. (1991). Sustainable agriculture: An essential part of the in-
agriculture curriculum. The Agricultural Education Magazine, 64( 1), 10-12. 
Mc Isaac, G. (1996). What can we learn from the past? Journal of Sustainable Agriculture, 
P(l), 3-7. 
McCracken, J. D., & Etuk, L. A. (1985). Commitment of Ohio vocational agriculture 
teachers to their profession. Journal of Agricultural Education, 27, 2-7. 
128 
McCracken, J. D. (1991). The use and misuse of correlational and regression analysis in 
agricultural education research. Proceedings of the 18th Annual National Agricultural 
Education Research Meeting, December 6, 1991 (pp. 296-304), Los Angeles, CA. 
McLeod, G. (2005) Learning theory and instructional design. Retrieved October 16, 2005, 
from http ://courses.durham.edu/www/html/Resources/Learningmatters 
McNeil, J. (1996). Curriculum: A comprehensive introduction. New York: Harper Collins. 
McNeil, J.D. (2006). Contemporary curriculum: In thought and action (6th ed.). New Jersey: 
Wiley. 
McMillan, J. H., & Schumacher, S. (2001). Research in education: A conceptual introduction 
(5th ed.). New York: Longman. 
Mendenhall, W., & Sincich, T. (1996). A second course in statistics: Regression analysis (5th 
ed.). Upper Saddle River, NJ: Prentice Hall. 
Miller, L. E., & Smith, K.L. (1983). Handling nonresponse issues. Journal of Extension, 
21(5), 45-50. 
Miranowski, J. A. (1982). Overlooked variables in best management practices (BMP): Risks, 
attitudes and perceptions and human capital characteristics. In L.A. Christensen & J. 
A. Miranowski (Eds.), Perceptions, attitudes and risks: overlooked variables in 
formulating public policy on soil conservation and water quality (Staff Report No. 
AGEDS 820129). Athens, GA: United States Department of Agriculture. 
Moore, R. C. (1977). The environmental design of children-nature relationships: Some 
strands of annlicative theory. Proceedings of a symposium fair (General Technical 
Report NE-30). Washington, DC: USD A Forest Service. 
National Council for Agricultural Education. (1995). Reinventing agricultural éducation for 
the year 2020. Executive summary. Alexandria, VA. 
National Council for Agricultural Education. (1996). Applied environmental science: 
Introduction to environmental science. Madison, WI: the National FF A Foundation. 
National Council for Science and the Environment. (2003). Recommendations for Education 
for a sustainable and secure future. Retrieved February 25, 2006, from 
http://www.ncseonline.org/EFS 
National Research Council. (1988). Understanding agriculture: New directions for 
education. Washington, DC: National Academy Press. 
National Research Council. (1989). Alternative agriculture. Washington, DC: National 
Academy Press. 
129 
Nazri, M. I., & Barrick, R. K. (1990). Professional knowledge competency achievement of 
agricultural teachers with and without preservice teacher preparation in peninsular 
Malaysia. Journal of Agricultural Education, 31(2), 49-54. 
Newmann, F. M., Smith, B., Allensworth, E., & Bryk, A. S. (2001). Instructional program 
coherence: What it is and why it should guide school improvement policy. 
Educational and Policy Evaluation Analysis, 23(4), 297-321. 
Nurmally, J. C. (1967). Psychometric theory. New York: McGraw-Hill. 
Okeafor, E. C. (2002). Secondary school teachers perceptions regarding the process of 
teaching sustainable agriculture in the agricultural education curriculum. Doctoral 
dissertation, Iowa State University, Ames. 
Olson, R. (1997). Thinking about the future. In Reinventing Agricultural Education for the 
year 2020, 1-6. Alexandria,VA: The National Council for Agricultural Education. 
O'Sullivan, J. (2000). An evaluation of sustainable agriculture training in North Carolina. 
Journal of Sustainable Agriculture, 16(3), 39-52. 
Paulson, D. D. (1995). Minnesota extension agents' knowledge and views of alternative 
agriculture. American Journal of Alternative Agriculture, 10(3), 122-128. 
Peter, G., Bell, M. M., Jamagin, S., & Bauer, D. (2000). Coming back across the fence: 
Masculinity and the transition to sustainable agriculture. Rural Sociology, 65(2), 215-
233. 
Posner, G. J. (1997). Analyzing the curriculum (2nd ed.). New York: McGraw-Hill. 
Posner, G. J. (2005). Analyzing the curriculum (3rd ed.). New York: McGraw-Hill. 
Powers, J. F. (1994). Sustainable cropping systems. In G. Mc Isaac & W. R. Edwards (Eds.), 
Sustainable agriculture in the American Midwest (pp. 1-7). Chicago: University of 
Illinois Press. 
Rogers, E. M. (1995). Diffusion of innovations. New York City: The Free Press. 
Roling, N. G. (1992). The emergence of knowledge systems thinking: A changing perception 
of relationships among innovation, knowledge process and configuration. In 
Knowledge and Policy: The International Journal of Knowledge Transfer and 
Utilization, 5(1), 42-64. 
Rumberger, R. W., & Thomas, S. L. (2000). The distribution of dropout and turnover rates 
among urban and suburban high schools. Sociology of Education, 73(1), 39-67. 
Salamon, S., Famsworth, R. L., Bullock, D. G., & Yusuf, R. (1997). Journal of Soil and 
Water Conservation, 52(4), 265-277. 
130 
Santone, S. (2003/2004). Education for sustainability. Educational leadership, 61(4), 60-63. 
Shelley-Tolbert, C. A., Conroy, C. A., & Dailey, A. L. (2000). The move to agriscience and 
its impact on teacher education in agriculture. Journal of Agricultural Education, 
41(4), 51-61. 
Sikinyi, T. A. (2003). The role of bioscience and biotechnology in agricultural education in 
secondary agriculture curriculum as perceived by agricultural educators. Doctoral 
dissertation, Iowa State University, Ames. 
Smathers, W. M., Jr. (1982). Farmers attitudes: Omitted factors in non-point pollution policy. 
In L.A. Christensen & J. A. Miranowski (Eds.), Perceptions, attitudes and risks: 
Overlooked variables in formulating public policy on soil conservation and water 
quality (Staff Report No. AGEDS 820129). Athens, GA: United States Department of 
Agriculture. 
Smith-Sebasto, N. J. (1998). Environmental education in the University of Illinois 
Cooperative Extension Service: An educator survey. The Journal of Environmental 
Education, 29(2), 21-30. 
Straquadine, G. S. (1997). An assessment of the agricultural education teachers ' sustainable 
agriculture understanding and instructional materials use. Paper Presented at 
Southern and Western Regions Agricultural Education Research Meeting, April 4-5, 
Silver Water, OK. 
Tam, M. (2000). Constructivism, instructional design, and technology: Implications for 
transforming distance learning. Educational Technology & Society, 3(2), 1-17. 
Tanner, D., & Tanner, L. (1995). Curriculum development: Theory into practice. Columbus, 
OH: Prentice Hall. 
Thompson, G. W., & Balschweid, M. M. (2000). Integrating science into agriculture 
programs: Implications for addressing state standards and teacher preparation 
programs. Journal of Agricultural Education, 41(2), 73-80. 
Thompson, G. W. (2001). Perceptions of Oregon principals regarding integrating agriscience 
into agricultural science and technology programs. Journal of Agricultural Education, 
42(1), 49-59. 
Udoto, M., & Flowers, J. F. (2001). Perceptions of agricultural education teachers toward 
sustainable agricultural practices. Paper Presented at the 28th Annual Agricultural 
Education Research Conference (pp. 433-444). New Orleans, LA. 
United Nations Education, Scientific, and Cultural Organization. (2002). Teaching and 
learning for a sustainable future. Paris. Retrieved April 6, 2006, from 
http ://www. unesco. org/ education/tlsf 
131 
United Nations Millennium Project. (2005). Environment and human well-being: A practical 
strategy. Report of the Task Force on Environmental Sustainability. New York: 
United Nations. 
Vehoviak, G. R., Adams, P. F., & Bruening, T. H. (1994). A sustainable farm plan activity. 
The Agricultural Education Magazine, 67(1), 8-10, 13. 
Wallace, M. (1993). The national coalition on integrated pest management: Working for 
safer food, cleaner water, and wildlife conservation through expanded 
implementation of integrated pest management. In A. R. Leslie & G. W. Cuperus 
(Eds.), Successful implementation of integrated pest management of agricultural 
crops, 1-7. Boca Raton, FL: Lewis. 
Wamick, B. K., Thompson, G. W., & Gummer, E. S. (2004). Perceptions of science teachers 
regarding the integration of science into the agricultural education curriculum. 
Journal of Agricultural Education, 45(1), 62-73. 
Whent, L. S. (1997). Evaluation of the sustainable agriculture program. Paper Presented at 
the Southern and Western Regions Agricultural Education Research Meeting, April 
4-5, Silver Water, OK. 
Williams, D. L., & Dolliso, A. D. (1998). Rationale for research on including sustainable 
agriculture in the high school agricultural education curriculum. Journal of 
Agricultural Education, 39(3), 51-56. 
Williams, D. L., & Wise, K. L. (1997). Perceptions of Iowa secondary school agricultural 
education teachers and students regarding sustainable agriculture. Journal of 
Agricultural Education, 38(2), 15-20. 
Williams, D. L (2000). Students' knowledge of and expected impact for sustainable 
agriculture. Journal of Agricultural Education, 41(2), 19-24. 
Wingenbach, G. J., Gartin, S. A. & Lawrence, L. D. (2000). Assessing the aquaculture 
curricula in the Northeastern Region. Journal of Agricultural Education, 41(2), 2-10. 
Wisconsin Rural Development Center (1991). Toward a sustainable agriculture: A teacher's 
guide. Mt. Hereb, WI: Wisconsin Rural Development Center. 
132 
ACKNOWLEDGMENTS 
I am sincerely thankful to Dr. Robert Martin for suggesting and encouraging me to 
focus on this research problem and answer some of the urgent questions needed for 
application in the field. Drs. Robert Martin and Michael Duffy extensively critiqued my draft 
and made suggestions regarding statistical analysis, missing data and theoretical framework. 
I am especially grateful to Dr. Robert Martin for guiding me throughout my program of 
study. 
I am thankful to Dr. Greg Miller for his instruction in an advanced research course 
that facilitated my understanding of conducting research, particularly to analyze my data and 
prepare the research outcomes. Drs. Greg Miller and Wade Miller both made useful critiques 
of my dissertation draft regarding apparent organization of the draft and conflicts regarding 
some findings, conclusions and conceptual definitions in my draft. Additionally, Dr. Wade 
Miller delivered a teaching theory and practice course which helped me during my travel 
along this research path. 
I am also greatly appreciative of Dr. Mack Shelley, with whom I retraced the path of 
statistics in my data analysis and interpretation. The experience of working with Dr. Shelley 
extended my learning and application of research and statistical techniques. His ideas for 
analysis of my data improved my understanding and reporting of the research findings. 
A special thanks to my editor, Pat Hahn, for her valuable insights that improved the 
overall quality of the final written dissertation. 
I am thankful to Cheryl, the Departmental secretary. She made things enjoyable with 
her spirited communications between myself and members of my study committee. 
133 
Finally, I am most grateful to my wife, Elizabeth, and our three children: Betty, 
Rogers, and Molly. Thank you for your patience while I've been away. Elizabeth, you are 
part of my heart and I deeply appreciate your courage during my absence. I am especially 
mindful that you and our children have been keeping things together while I have been away. 
To my children, especially, may you one day have the opportunity to reach your goals as I 
have. The sky is the limit... this is my prayer for you! 
